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EDITORS' PREFACE.

Alonzo Thrasher Keyt, M.D., died suddenly, without

premonition, from paralysis of the heart, on the 9th of

November, 1885, in the fifty-ninth year of his age. The
post-mortem examination revealed calcareous granules in

the segments, with incompetency of, the mitral valve,

atheromatous degeneration in the heart and aorta, fatty

and friable condition of the cardiac muscles, and dilata-

tion of the left cavities. These conditions pertain to ad-

vanced age, and Dr. Keyt was aged prematurely from over-

work. Besides attending to the demands of a large practice,

he pursued unremittingly, from the commencement, his

studies of the graphic method as applied to the circulatory

apparatus, and in this labor of his love and life he was in-

sensible alike to the suggestions of hunger or fatigue. He
was a patient, careful, conscientious worker, seeking only in

his investigations to arrive at the truth. He put nothing

forth hastily or upon impulse but only after mature

deliberation, subjecting his conclusions to the most rigid

scrutiny, and sparing no time or trouble to test their accuracy

by all the means within his knowledge.

His life-work is ended, but its fruits remain. These are

scattered throughout various medical journals in irregular

contributions. It seemed fitting that this valuable material

should be placed in more convenient and compact form, for

the common benefit of the profession, and as a memorial of

one who might well be selected as a model of the American

physician and of all that constitutes a true man. Accord-

ingly it has been arranged in book form and in some order

of sequence. Nothing more is assumed on the part of the

editorial supervision than that it presents Dr. Keyt's work,

in an available shape, to the profession.

A. B. I.

Walnut Hills, Cincinnati, O. ,

Nov. 9, 1886.
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INTRODUCTION.

History of the Sphygmograph— The Sphygmometer—Keyt's

Compound Sphygmograph—Description and Management
— Water and A ir as Media of Transmission for Sphyg-

mographs.

THE circulation of the blood, in its maintenance of or

departure from the healthy standard, affords most

important indications of the state of the system and its

organ^. The pulsations of the heart and accessible arteries

express to our senses these indications. Feeling the pulse is

an ancient and ever-surviving art, and the possession of the

tactus eruditus has always and justly been a distinguishing

qualification of the good physician. For the idea of study-

ing and utilizing the pulse in other ways than by the sense

of touch alone, viz.: to represent it to the eye and obtain its

graphic line by means of an automatic registering apparatus,

history carries us back to the immortal Galileo, who, it is

said, among the many wonderful things that he did, con-

structed also a " pulsilogia." There is no description of the

mechanism of this instrument now extant, and no other in-

formation respecting it is at hand than that it exhibited and

recorded the movements of the pulse. It does not seem to

have brought the inventor under the ban of the clergy, and

therefore justifies the conclusion that it was considered a

thing of no possible consequence for the time being or to

come, and, as a matter of course, unworthy of any notice or

special comment.

The graphic method thus originated was covered over

with the mould of centuries, and did not again become appli.
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cable to the study of the circulation until the genius of

Vierordt produced the sphygmograph. Vierordt's instru-

ment consisted essentially of a spring, which was applied to

the artery, and a lever connected with the spring, which

traced the arterial movements upon a revolving cylinder

covered with paper. The mechanism was clumsy and com-
plicated, the tracing furnished only regular ascending and

descending lines, the sole variation in the different strokes

consisting in the curve, which was greater or less in accord-

ance with the length of the pulsation. On account of these

drawbacks the instrument did not meet with marked ap-

proval of investigators, or materially enhance the existing^

Fig. I.

knowledge respecting the problems involved in the current
of the circulating blood. It was, however, constructed upon
correct principles, and needed only the skilful touch to con-
vert it into an instrument of precision.

In i860 M. Marey constructed the famous sphygmograph
which bears his name. It is the same in principle as Vier-
ordt's, but greatly simplified. It correctly records the move-
ments of the arterial vessels under the varying pressure of the
blood column within them. It has contributed many im-
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portant facts concerning the physiology and pathology of

the circulatory apparatus, and the great

master, under whose hand it was fashioned

into a working instrument, has, through

its aid, established a Scientific method of

investigation, which forms a landmark in

the line of human progress, and holds out

to earnest workers the richest prospects of

future rewards. Since the introduction of

Marey's instrument it has been modified

in various ways, but it remains essentially

the same. The work it has performed

under the guidance of Marey, Wolf, Lor-

ain, Burdon-Sanderson, Franck, and others

is, in the aggregate, immense.

In 1874 Dr. A. T. Keyt devised a

sphygmometer, at that time unaware that

M. le Docteur Harrison, in 1835, had

constructed an instrument similar in prin-

ciple but different in mechanism, and for

which he had been derided by the editor

of the Medico-Chirurgical Review, as hav-

ing produced a bauble meriting only the

contempt of those who possessed the

cultivated touch. The sphygmometer of

Dr. Keyt, as shown in the cut, consisted

of a base or receptacle, a, made of thin

brass, semi-circular in form, with an oblong

free edge below, and a shallow neck, b,

above, into which is inserted, air-tight,

the glass tube c. The free edge of the base

measures inside one inch and three-eighths

in length by three-eighths in width ; and ts
over it is drawn a rubber membrane, air- «

tight, and just tense enough to secure its ^'^^- 2—The Sphyg-
=" •"

. . MOMETER.
smoothness and mtegrity of action.

The glass tube is eight or ten inches long, of small

X
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bore, and graduated in inches, halves, and quarters. The
base filled with water to the top of the neck, the instru-

ment is ready for its purpose.

With the base pressed directly over an artery, as the radial,

the elastic floor expands, closes round and accurately fits the

vessel as the segment of a sheath, the liquid in the mean-

time rising in the tube in proportion to the expansion up-

ward of the basic membrane. The elastic coat so embracing

the artery will move exactly with its movements. There is,

however, a degree

of pressure at

which the tension of the membrane so

rr counterpoises the tension of the artery as

best to develop these movements. This

is shown by the undulations of the liquid

column, which are true and exact pulsa-

tions of the artery transferred to the liquid

in the tube. By placing a rubber mem-
brane over the end of the glass tube and

superimposing thereon a pin and lever, as

shown in the cut, the movements of the

liquid column became further transmitted.

It now only needed a registering appa-

ratus, and Dr. Keyt's first sphygmograph
was developed as exhibited on p. 5.

This instrument (Fig. 4) was used and improved, but it

was soon found that a single tracing offered little of value for

clinical or physiological purposes. Accordingly a double
sphygmograph was constructed, and, in 1876, Keyt's com-
pound sphygmograph, or cardiograph and sphygmograph
combined with chronographic attachment, as shown in Fig.

5, was made available for the study of the circulation. With
this instrument most of the work embodied in the pages of

this book was performed. (See Fig. 5, page 6.)

A few years later the perfected mechanism exhibited in

Fig. 6 was attained, and all of Keyt's compound sphygmo-
graphs are now constructed after this model.

Fig. 3.
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CH is the chronograph^ of which W is the winder, D' the
dial, P' the pendulum, and L' the tracer ; Z is the double rest
for the levers. On the glass, in direct view, are three tracings
—one of the heart, one of an artery, and one of time in seconds
and fifths.

Fig. 5.—Keyt's Compound Sphygmograph.
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Fig. 6.

Description and Management of Keyt's Compound
Sphygmograph.

In order to successfully use the compound sphygmo-

graph, some preliminary study of its mechanism and

practice in its management are requisite. However, the

instrument is simple and easily understood, and skill in its

use is soon acquired. The following instructions will be of

advantage to those who would comprehend and employ the

apparatus,

T/ie Basal Membrane.

The basal membrane is of pure-rubber cloth, and is se-

cured air-tight over the bottom of the receptacle by means
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of the close-fitting exterior rim ; the latter screwed home by
thumb-screws, one at either end. The proper degree of

tension of the basal membrane is secured by means of an in-

terior rim or " tensor," which is protruded against the mem-
brane by direct turns of the upper of the two screw-thimbles

which encircle the central stem, the latter being screwed

into a central bar of the adjusting rim or tensor. The lower

thimble secures the packing around the stem. By this

arrangement the basal membrane can be readily placed and

kept at standard tension.

Transmission Tubes.

The transmission tubes are of glass with stiff-rubber join-

ings, twenty-five inches long, one-eighth to one-sixth-inch

bore, and always uniform with each other.

The J- Way Stop-Cock.

The 3-way stop-cock is placed between the circular

chambers. When the key is horizontal with the marked
face down, communication is free between the transmission

tube and both circular chambers ; when the key is vertical

with marked face towards the index tube, communication is

open only between the transmission tube and index chamber;
when the key is vertical with marked face towards the lever,

communication is open only between the transmission tube

and lever chamber ; lastly, when the key is horizontal with

marked side up, communication is open only between the

two chambers.

Index Tube.

The manometric or index tube is graduated in conformity

to a standard ; and Js secured over its chamber by the device

proper thereto. It is an indispensable part of the apparatus

and has several important uses.

The Small Membrane.

The small membrane with vertical pin is secured over its

chamber as follows : on the shoulder above the chamber is
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first smoothly placed a rubber ring cut for the purpose, then

the membrane with pin attached, then another rubber ring,

then a metal ring, and then over all the fitting thimble is

screwed firmly down. The small membrane is brought to

its proper tension by means of a thimble shod with a circu-

lar tensor, and which screws down until the tensor presses

sufficiently against the membrane, and then a check-ring

running on the circumference of the thimble is screwed

down to make all solid.

The Upper Stop-Cock—
Opens when horizontal, and closes when vertical, a pas-

sage between the upper part of the circular chambers.

The Reservoir—

With its ampulla and 3rway stop-cock conveniently pro-

vides for the supply of water to the apparatus.

The Lever—
Moves freely on its axis, which latter is pivoted to an

adjustable plate. A small hollow cone attached to a clip

that slides on the lever lodges the point of the pin, on which

the lever plays ; and the lever and cone are adjusted so that

one half inch separates the apex of the cone from the centre

of the axis. The lower thumb-screw fixes the lever in

its longitudinal position ; and the upper thumb-screw adjusts

the level of the lever. Also a very delicate screw placed on

the lever adjusts its point sideways so as to bring it in

proper contact with the writing surface.

The Filling.

With a pipette fill the reservoir partly full and close the

stop-cock towards the chambers ; open the other stop-cocks

;

detach the base from the transmission tube
;
place base un-

der water with its opening uppermost, and then with the
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finger work the membrane until air bubbles no longer

escape
;
place the end of the transmission tube in water,

then take the end of the index tube in the mouth and suck

up the water until a solid colunin traverses the whole

length without air bubbles ; reverse the 3-way stop-cock,

which will hold the water from escaping, then join the base

and transmission tube under water ; open the 3-way stop-

cock towards the lever chamber and work the basal mem-
brane with the finger, turning the instrument on its side, to

favor escape of air from the lever chamber, if any has been

retained there ; turn the instrument back and close the

upper stop-cock, and by means of the ampulla and stop-

cock of the reservoir adjust the water so as to stand at 0°

with the base lying on the table.

(
Use no liquid butpure water.")

Adjustment of the Membranes.

The basal membrane is adjusted to standard tension as

follows : With the base lying on the table and water in the

index-tube marking 0°, the upper and reservoir stop-cock

shut off, open the 3-way stop-cock only towards the index

chamber, then elevate the base to the full height permissible,

and note the ascent of liquid in the index tube ; repeat

the trials and vary the tension until the liquid under the

conditions rises to 18 degrees, which has been adopted as the

standard. If to obtain the standard the membrane requires

too great protrusion of the tensor, withdraw the latter,

unscrew the outer rim, and replace the membrane with less

slackness ; a small protrusion of the tensor should effect the

object.

The small membrane is adjusted to standard tension by
the following formula : With the instrument prepared as for

adjustment of the basal membrane, open the 3-way stop-

cock only towards the lever chamber, then elevate the base

as before described, and note the elevation of the point of

the lever ; adjust the tension of the small membrane until

the lever rises under the conditions seven tenths (j^;,-) of an
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inch, which is the standard adopted as yielding the most

satisfactory results.

When desired to limit the excursion of the lever, as may
sometimes be the case in tracing hypertrophied hearts, this

is readily done by increasing the tension of the small mem-
brane ; but as soon as the particular e?:periment is over, the

membrane should be restored to its standard tension.

As the membranes relax from use they will require

testing and adjusting from time to time ; and as soon as they

show leakage or failure of sensibility, they must be replaced

by new ones.

The Registering Part.

The clock-work movement is wound up by the proper

winder. The carriage is entered and removed sideways by
pressing out the spring-groove. The glass slide properly

smoked is placed in the carriage, and more conveniently be-

fore the latter is placed in the grooves. The clock-work is

started and stopped by the following device :

The Air Trigger.

In order that the hands may be free, a device provides for

starting and stopping the movement by the action of the

mouth on the air contained in a rubber tube. Compressing

the air pushes out a membrane contained in a small metal

capsule, carrying with it a pin attached to its centre, the lat-

ter striking against the works and stopping the movement

;

exhausting the air withdraws the membrane and pin, freeing

the works and starting the movement.

The Chronograph.

The chronograph is wound up by the winder on its face,

and started and stopped by turning the small knob, towards

the opposite end. Its writing lever is raised, every time an

arm of the escapement lever passes its centre, which is five

times every second, and therefore the chronograph writes
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fifths of seconds. A small eccentric serves as a rest for the

writing lever, and regulates by its position the height of the

points. A small elevation is preferable. The dial hand

makes a revolution per minute, and the correctness of the

chronograph can be tested by comparing this hand with the

seconds hand of a watch. The chronograph must be placed

so that its writing point just lightly touches the slide. By
means of the chronograph the time of the movements and

the time intervals between movements recorded can be

measured with precision.

How to Use and Manage the Instrument.

To use the instrument, for instance to trace the pulse,

turn the 3-way cock so as to open only towards the index

tube, and place the base lengthwise on the artery in such

manner and with such pressure as will develop the highest

undulations of the liquid column. Note the height of the

undulations by the degree marks, and the number of degrees

the column rose above the starting lever. The first measures

the amplitude of the pulse, and the last the pressure required

to develop it.. Next, whilst the liquid column is displaying

its best movements, holding the base steady in position,

turn the cock so as to open only towards the lever, and then

use a pressure that will develop the highest sweep of the

lever, and whilst the latter is executing its best movements
start the carriage and take the tracings.

Other movements, as the pulsation of the heart, are taken

much in the same manner ; and simultaneous tracings of two
movements are obtained by placing the bases on the respec-

tive parts and receiving the inscriptions on the same slide.

The chronograph is always kept running during the experi-

menting, writing the exact time of the movements inscribed.

' When using the instrument from time to time, keep it

well charged in the intervals of non-use, and with the 3-way

stop-cock open in the three directions. When the instru-

ment is not to be used for a considerable time, it is better to

remove the membrane and put it away with the interior dry.
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When not in use, the index tubes may be turned down or

kept erect, as convenience may dictate. It is well to have

at hand duplicate glass tubes to provide against accidental

breakage. Always keep a supply of glass slides cut from

thin glass with even surface ; reject slides which present

a curve. Let the slides be evenly and not too heavily

smoked.

After simultaneous tracings have been obtained repass the

slide, halting it at selected points, and strike the levers, by
pressing the basal membrane with the finger, across the line

of traces, to obtain signal lines which will indicate the time

relations to each other of the movements inscribed. The
difference in distance of the beginning of the up-strokes from

these lines, measured on the corresponding chronogram,

gives the exact time which separates the two movements
from^each other. If the movements are synchronous the

signal lines will cross the respective traces at exactly the

same stage.

When desired, photographic copies of traces may be readi-

ly obtained by pressing the slides in close contact with sensi-

tized paper against a surface covered with black cloth, and

placing for a moment or two in the direct rays of the sun.

The Manometric Tube.

An indispensable part of the instrument is the graduated

glass tube. This serves as a diverticulum for the liquid,

measuring the amount displaced and consequently the de-

gree of expansion of the basal membrane. It shows the

pulsations to the eye and indicates their amplitude and the

pressure at which they are best developed. Thus it is, in a

sense, a measurer of the arterial resistance, and as such is

probably superior to any device yet employed for the pur-

pose. Also it serves as a gauge for adjusting the tension of

the basal membrane, and finally, by the indications of this

tube the instrument is set in the best position for securing

the best traces.
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Uniformity of Action.

The instruments constructed alike, with the same cham-

bers and bores, transmission tubes of the same calibre and

length, index tubes of the same graduation, rubber mem-

branes of the same quality and thickness, and these adjusted

to the same tension and sensibility by means of devices pro-

vided, must yield uniform action and results. And this is

so. Successive traces of the same pulse by the same instru-

ment, are not more alike in form than traces of the same

pulse by two instruments.

Multiplicity of Uses and Adaptations.

This instrument traces pulsations of the heart by placing

the tube over the organ at point of strongest impulse, and

then proceeding as in tracing the arterial pulse. It traces

any accessible artery. It traces the pulsations of the fon-

tanelle. It traces pulsating tumors.

It is converted into a. pneumograph and traces the move-

ments of respiration merely by confining the base to the

chest wall by means of an inelastic belt round the thorax,

the trace ascending in inspiration! and descending in expira-

tion ; or by connecting the transmission tube with a flattened

elastic tube surrounding the chest and filled with water, the

line will be reversed, rising in expiration and falling in

inspiration, as in Marey's pneumograph.

It is converted into a plethysmograph {of Mosso) and

traces the totalized pulsation of the hand and forearm,

simply by connecting its transmission tube with an appara-

tus of displacement containing these parts.

It traces muscular contractions and evidently is adapted to

trace any and all the palpable movements of the organism.

It is well adapted to experimentation on animals, and easily

made to function as a kymograph. It performs well on the

schema.

Tambour Polygraph.

If for any reason it should be deemed desirable to employ
air instead of water as a transmission medium, the substitu-
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tion may be made and without further change traces obtained,

if the movements are not too feeble. Better results, how-

ever, are secured by employing a larger inscribing mem-
brane. A tambour of suitable circumference is simply fixed

over the chamber that was covered by the small membrane,

and then with a vertical pin of proper length, connection is

made with the lever and the apparatus is read}' for work as

a tambourpolygraph.

Recording Surfaces.

Thin glass slides about five and three quarter inches long

and width to suit, evenly smoked, are found, all things con-

sidered, the best form of writing surface for the great

majority of work that one desires to do. But for long con-

tinuous lines of traces the lever may be turned upon a

revolving cylinder covered with smoked paper, or upon a

long band of paper made to advance by rollers, in the latter

case the writing done with a suitable pen fixed on the lever

and charged with ink. The instrument adapts itself readily

to any form of recording surface found in physiological

laboratories.

Multiple Simultaneous Inscriptions.

The crowning adaption is that by which the instrument

admits of combination for the purpose of tracing two or

more movements at the same time. The instruments are

readily combined, in any number chosen, so as to write upon

the same recording surface, but for convenience, and as

answering the greater number of purposes, two are com-

bined. These with accompanying chronograph and record-

ing mechanism make a comfjact and convenient apparatus,

that one is able to manage himself in clinical and much
physiological work. Thus combined, the mechanism has

many uses and brings to our knowledge numerous and

varied important facts. A wide and promising field has

been opened up by multiple simultaneous sphygmography.

Marey's and the author's are the only mechanisms by which
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this method can be practised, and of their comparative

merits we will speak soon.

Among the results already secured by this method are de-

terminations of the time differences between the pulsation of

the heart and different arterial pulses, and between the

arterial pulses themselves, and consequently the velocity of

the pulse-wave along the trunk and branches of the arterial

tree, and the duration of the ventricular presphygmic

interval ; the variations of these time relations in health,

and some abnormal variations in disease. The facts so

gathered are valuable in themselves, and illustrate the kind

of work that is easily done by the employment of a proper

apparatus.

It is in multiple traces that sphygmography is able to show

its strength. Single sphygmography has been in vogue since

i860, and although assiduously worked by skilful men, who
have published their results, it has contributed comparatively

little of real value ; while the multiple method, only recently

made practical, has already achieved a record of present

utility and future promise. The one gives only a simple in-

scription of the form of the pulse ; the other gives this, and

besides gathers all the main facts pertaining to the move-

ments of the heart and arteries, or other movements to which

it is applied.

Explorators—Bases.

The devices for first receiving the movements are termed

by Marey " Explorateurs." They may more appropriately be

called " bases." Any form of receiving base circumstances

may call for readily adapts itself to the author's apparatus.

The form shown in the cut has been settled upon, after many
experimentings and provings, as the most eligible for clinical

purposes, and at the same time as well answering for the

greater part of physiological researches. A base of circular

form answers well for receiving the movements of the heart,

also of tumors, and the respiration, but after trial one finds

in it no advantages outweighing that of having the two
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bases precisely alike. However, as just stated, for certain

investigations bases of any form indicated may readily be

attached.

Chronograph.

No registering apparatus for physiological and clinical

work is complete without an accompanying chronograph,

and, indeed, this is an indispensable attachment. The rate

of progression of the recording surface is always an im-

portant element to be known and considered. The best-

constructed movements are liable to variations of speed, yet

it is easy to obtain a movement whose variation is so small

as to be of little moment if the progression is measured.

This the chronograph does, and notes every variation. The
chronograph of this apparatus is neat and accurate, and ful-

fils its office with entire satisfaction. It is always running

during experimentation, and traces its fifths of seconds on

the lower part of the slide with every run of the same.

Marey expresses himself much pleased with this principle,

and as intending to add it to his new polygraph.

Convenience ofManagement.

The construction of the apparatus and the kind and

variety of its work all go to set forth its special conven-

ience. It is portable, easily kept in order, readily adjusted,

and is applied with the greatest facility and without the

least annoyance to the subject.

Comparison between Marey's New Polygraph and the Com-

pound Sphygmograph.

Marey, seeing the advantages to accrue from such a com-

bination, worked long to devise an apparatus that would

trace the heart and pulse simultaneously on man, and finally

produced his new polygraph, and with which he appears well

satisfied. It is on the tambour principle, and consists of a

sphygmographe h transmission and a cardiograph, filled with
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air and arranged to write on a revolving cylinder. With this

apparatus the author has done very good work. Marey

adopts the author's chronograph ; in turn> his device for start-

ing and stopping the movement, by displacement of air in a

rubber tube held in the mouth, has been put to use. This

adds much to the convenience of management, in that it

leaves the hands free for manipulating the explorators, en-

abling one to successfully experiment on himself or others-

without an assistant.

It is manifest that the compound sphygmograph has cer-

tain advantages over the new polygraph, aside from the

question of the superiority of wafer or air as a transmission

medium. Its adaptability to trace a pulsation or movement
in any situation, the uniformity and consequently reversi-

bility of its bases, the showings and indications of its index

tubes, and the facilities afforded for the graduation of its

membranes to the same sensibility, are distinctive and

advantageous features which pertain to the one and not to-

the other.

As to which is the better transmission medium, water or

air, the comparative experiments which follow are in the

line of elucidation.

Water and Air as Media of Transmission for Sphyg-

mographs.

The utility of the graphic method as appHed to clinical

and physiological investigations is being demonstrated more
and more. The success is to be accredited in large part to

the employment of the method of simultaneous inscriptions.

The sphygmograph and cardiograph, used separately, give

permanent records of the arterial and cardiac pulsations, and
show some features of form not otherwise distinctly re-

vealed
; but these instruments, combined in one so as to

trace the heart and an artery at the same time on the same
side, afford additional important indications, and such as are

unattainable by any other means. Thus, two (or more)
properly constructed inscribing instruments arranged in this
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manner are capable of showing all the palpable movements
of the organism in their individual forms and phases, and

the. relations of these movements to each other. The most

valuable of Marey's contributions in this department are the

facts he has been able to bring to light by the method of

simultaneous inscriptions.

A direct sphygmograph, as Marey's, although tracing cor-

rectly the form of the pulse, is not adapted to combination

for the purpose named. To carry out the object requires

that the movements be transmitted to a convenient distance

where they may be recorded on the surface provided. To
do this with fidelity and convenience has been the problem

to be solved. Accordingly, Marey devised and has employed

the tambour system, and utilized the contained air as the

medium of transmission. The author devised and employed

a modified tambour arrangement, and utilized water as the

medium of transmission.

The pertinent question has arisen as to which of the two
is the better medium. Marey, in his former experiments on

animals, failed with water, but obtained brilliant results

with air. In experiments on man, the author has succeeded

with water, and found this medium so efficient and conven-

ient that it left nothing to be desired. Marey believes that

the inertia of the liquid column tends to deform the move-

ments, while air, by its lightness, obviates this source of de-

formation. On the other hand, it is held that, in a proper

apparatus, the inertia of the liquid column is reduced to an

inappreciable minimum ; and this medium, by its incompressi-

bility and easy displacement, transmits the movements with

unerring fideHty, while air is mistrusted on account of its

easy compressibility. The question, however, can only be

settled by the results of experiment.

The compound sphygmograph is constructed for water,

yet it yields fair results when used with air. Whether these

results will compare favorably with those of which Marey's

improved polygraph is capable, there is at present no means

of knowing ; only among traces seen that were taken by the
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sphygmograpke h transmission, which embodies the same

principle, there are none superior to those the compound in-

strument is capable of, charged with air instead of water.

To aid in the solution of the question the following compar-

ative experiments were recently

instituted.

The author's two radial pulses

are synchronous, as proven by

many observations.

Experiment i.—With the two

instruments of the apparatus

prepared and adjusted as usual,

the liquid was removed from the

one that writes below, and the

other filled. Two assistants then

applied them to the radials—the

one filled with water to the left,

the other filled with air to the

right radial. They were manipu-

lated until the levers displayed

their best movements, and then

the traces were taken. No. i

shows the trace of the left radial

by water; No. 2 of the right

radial by air. This experiment

was several times repeated with

very similar results. There will

be noticed the marked contrast

in the amplitude and definition

of the two traces.

Experiment 2.—The same ba-

sal chamber was completely filled

with water, leaving the transmis-

sion tube and upper chamber
containing air. The instrument was then applied to the
radial and the best trace obtained; 3 is the result. This
will be noticed as a very beautiful trace, of small yet larger
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amplitude than 2, and with secondary waves distinctly

marked.

Experiment 3.—The same instrument completely filled

with water and the right radial traced
; 4 gives the result—

a

perfect trace, amplitude nearly twice that of 3 and about

three times that of 2.

Experiment 4.—A child two and a half years old was the

subject. With instrument adjusted as in the other experi-

ments, 5 was obtained with water and 6 with air, as the best

traces the .same pulse would yield under the respective

media.

These results all go to show that under the same or

parallel conditions water produces a trace of much greater

amplitude and better definition than air ; although aside

from difference of amplitude the two traces in general form

are quite similar. The contrast proves that in transmission

by water the force of the pulse is conserved, while by air it

suffers loss ; and herein lies the great superiority of water

over air as a medium—water thus becoming applicable for

tracing the weakest movements, while air in these conditions

produces no tangible result. Both Marey and Frangois

Franck testify to the difficulty of obtaining traces of feeble

movements by the sphygmographe h transmissiott.*

In regard to form, these traces f by water are as nearly

faultless as any that could be produced by the best direct

sphygmograph. It would be difficult to notice in them any

effect of inertia of the liquid column. And No. 2 by air, so

far as its meagerness will permit, shows a correct outline.

Attehtion is now called to traces i and 2, taken simultane-

ously. It will be observed that the position of the signal

lines A, A, with respect to the beginning of the ascents, ap-

pears to be the same in both lines. If this be so, the begin-

nings of the traces are synchronous, and, the pulses being

* "
. . . ; malheureusement, le sphygmographe i transmission est moins

sensible que I'instrument direct et ne donne de bons traces que sur les sujets

dont le pouls est assez fort."
—" La Methode Graphique,'' p. 585.

j- Unhappily the engraver has failed in some instances, notably in the direc-

tion of the up-strokes, to follow exactly the lines of the originals.
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synchronous, their beginnings must have been transmitted

by the different media in equal times.

However, it should be remarked that a slight discrepancy

may exist and be unnoticed, because of the uncertainty as

to the exact position of the basal points in the long turns of

the air traces. The result shows at least great promptness

in the transmission by air, and whether this be really more

rapid than by water will be seen farther on. The relation-

ship shown is different from what had been, a priori, ex-

pected. It was inferred that the air under the stroke of the

pulse would be compressed for a time, before the lever would

rise, and thus the start would show delay as compared with

that of water. But the fact would seem to be, that the air

in order to actuate the instrument first becomes condensed

under the requisite pressure, and then behaves as a practically

incompressible medium within the forces engaged.

In order to test more rigidly the fidelity of the time results

obtained with the two media as employed in the author's

apparatus, the following further experiments were made :

Experiment 5.—Object : to test the correctness of water to

show the time relation of two phenomena. Details: Ap-

paratus, except the carriage, prepared and adjusted as

usually employed in clinical observation. Tubes, twenty-

six inches long between membranes, about one sixth of an

inch bore, composed of alternate sections of glass and

firm rubber tubing. Membranes respectively at standard

tension ; levers six inches long, with pin-socket half an

inch from axis. The two bases were firmly secured

in a block, side by side with membranes looking upward.

Two similar corks transfixed by a metal rod were placed one

upon each membrane, and a metal bar of sufficient weight

was placed, with one end on the rod, the other on a support.

A touch of the bar would instantaneously affect the basal

membranes, and the motion in due time would be communi-
cated to the levers, and written by them on the advancing

slide. If the apparatus were true, the records of a motion

thus communicated to the membranes would be synchro-
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nous. To show more plainly any succession, a carriage was

substituted whose speed was much greater than that ordi-

narily used. The usual chronograph, writing seconds and

fifths, was employed. When all was ready, while the chron-

ograph and slide were in motion, a series of quick taps were

made with the finger on the bar, and thus were obtained two

lines of traces. Immediately the slide was repassed, and

halted at the points where the levers and basal points of the

traces were in, or nearly in, conjunction, and then the levers

were made to describe their curves by pressing on the mem-
branes. The relation of these curves, termed signal lines,

to the basal points, respectively indicates the synchronism

or succession of the records. The result of the experiment

is shown in No. 7. The basal points and signal lines, above

and below, are precisely in the same relation, which proves

that the two instruments transmitted and recorded the same
movement in exactly equal times.

Experiment 6.—Object : to test the correctness of air to

show the time relation of two phenomena. Details: The
samt as in last experiment, except that the instruments were

charged with air instead of water. Result shown in No. 8.

Here, too, the traces are uniformly synchronous.

Experiment 7.—Object : to test the difference in time of

transmission by water and air. Details : The same as in

Experiment 5, except that the upper instrument was charged

with M^ater and the lower with air. Result shown in No. 9.

The eye can readily detect a difference in favor of an earlier

elevation of the traces by air. The difference is small, and

measures about ^rir of ^ second. The proof is positive that

in this instrument a movement is more rapidly transniitted

by air than by water.

Experiment 8.—Object : to determine the time consumed
in the transmission of a movement by water through this in-

strument as usually employed. Details : A crank moving
vertically on a central axle was so placed in relation to the

instrument that one arm bore upon the basal membrane of

the upper instrument, and the other arm supported directly
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the lever of the lower instrument. The same bar was placed

with its end resting on the arm that pressed the membrane.
Tapping the bar would raise the lower lever instantaneously

and the upper after the movement had been transmitted

through the .channel of the instrument. Thus the experi-

,
ment was made, and the result is shown in No. lo. The de-

lay seems to measure about -^ oi a. second.

Experiment 9.—Object : to determine the effect of tubes

of different lengths on transmission by water through the

author's instrument. Details : The same as in Experiment

5, except that the lower instrument was furnished with a

tube fifty-eight inches long, while the tube of the upper re-

mained twenty-six inches. ResultshowninNo.il. Delay

of the long tube over the other is measured at about -^ ol 2^

second.

These experiments were all several times repeated, with

great uniformity of the time results.

Conclusions.

1. Both water and air are reliable as media of transmis-

sion for movements within their respective ranges of availa-

bility.

2. Water transmits movements with much greater power
than air, which gives it a wider range of application, em-

bracing feeble movements that air is incapable of inscribing.

3. With a proper apparatus, properly adjusted, the form

of a movement as transmitted by water is entirely correct

;

the form, also, as transmitted by air, may be correct.

4. The time relation of two movements may be uniformly

correctly shown by either water or air—provided respecting

the latter the movements be sufficiently strong.

5. The time lost in the transmission of a movement is

greater by water than by air, and by either is in proportion

to the length of the tube.

6. In order to show with precision the synchronism or suc-

cession of two movements, both instruments must be charged
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wholly with water or wholly with air, and both transmission

tubes must be of the same length.

In practical effect the foregoing experiments demonstrate

the fidelity and availability of the water method to show the

form and synchronism or succession of movements, great

and small. They go, also, to show the fidelity of Marey's

method for the purposes named, within the range of its

availability. Hence, the results which have been achieved

by the careful application of either method, may be accepted

as rigidly true. If improvement in Marey's apparatus shall

be found to adequately enhance the force of transmission,

then the choice between the methods by air and by water

Tvill be governed by less weighty considerations than differ-

ence in energy of transmission.
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CHAPTER I.

FORM, RELATIONSHIP, AND CHRONOMETRY OF THE
CARDIAC AND ARTERIAL MOVEMENTS.

The Velocity of the Pulse-Wave, and Duration of the Ven-

tricular-Carotid and Ventricular-Presphygmic

Interval in Young Children.

/RESERVATION i.—Having removed a portion of the

breast-bone of a living turtle, the base of the cardio-

graph was placed on the heart in situ, a finger touching

the ventricle, to keep the organ in place under the instru-

ment, and at the same time note the relationship of phe-

nomena. Successively the heart felt as a hard ball and then

as a flaccid sac. As the ventricle hardened, the spirit-index

rose ; as the ventricle softened, the spirit-index fell. The
force turned upon the lever ; it rose and fell, just as the

liquid, with the hardening and softening of the ventricle.

Tracing Fig, 7 was taken under these circumstances.

Fig. 7.

—

Tracing of a Turtle's Heart.

Observation 2.—Severing the heart from its connections, it

was placed upon a table, with its anterior aspect uppermost.

It passed through its evolutions apparently the same as pre-

vious to its removal. It suddenly became hard to the touch,

coincidently increasing its transverse diameter, bulging its

anterior wall, twisting to the left, and tipping the apex for-
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ward at the end of the movement. Instantly following this

stage, the ventricle became suddenly soft to the touch, coin-

cidently extending its longitudinal diameter, letting fall its

apex, flattening its anterior wall, and during these changes

twisting toward the right. The cardiograph applied to the

heart showed the upward sweep of the liquid column and

writing-lever coincident with the first series, and the down-

ward sweep of these indices coincident with the second series

of phenomena described. Fig. 8 is the cardiogram traced

under these circumstances.

, Fig. 8.

—

Tracing of a Turtle's Heart after Removal from Body.

Observation 3.—In man, the following coincidences and

consequences of phenomena are determined : Marked im-

pulse, as if a hard ball were thrust from within against the

chest wall ; elevation of the corresponding intercostal space

or spaces ; emission of the first sound of the heart ; major

rise of the spirit-index and writing-lever ; these quickly suc-

ceeded by a lesser impulse ; the second sound of the heart

;

depression of the intercostal space or spaces ; and major fall

of the spirit-index and writing-lever. Fig. 9 is the cardio-

gram of a healthy man.^

Fig. 9.

—

Normal Human Cardiogram.

Deductions.—Observations first and second together furnish

positive proof that, in the tracing of a turtle's heart, the up-

ward sweep is made by the systole, and the downward sweep
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1

by the diastole, of the ventricle. And the three observations

together afford conclusive evidence that, in the normal

cardiographic trace of man, the main up-stroke and the main

down-stroke are produced respectively by. the systole and

diastole of the ventricles.

It has seemed important to be thus particular because of

the evident fact that, until the relationship of the graphic

lines to these two chief conditions of the heart's action is

established, there can be no trustworthy interpretation of

the cardiac and arterial pulse-curves.

In the prosecution of' this work the apparatus used was

that represented in Figs. 5 and 6 of previous pages. It con-

sists essentially of two sphygmographs placed side by side,

provided with one stage-movement for both instruments,

and an inscribing chronometer, all arranged so that the three

levers impinge at different heights upon the same slide. The
time-writer, or chronograph, is a neat and correct instrument,

and marks seconds and fifths with perfect accuracy.

With one base placed upon the heart, the other upon an

artery, or each on a different artery, with the corresponding

levers executing their best movements, and the chronograph

going, when the clock-work that moved the carriage bearing

the smoked-glass slide was started there resulted three

graphic lines : one a cardiogram, one a sphygmogram—or

two sphygmograms,—and one a chronogram. Tracings so

taken with skill and care may be accepted as true and exact

representations of the form, duration, and succession of the

events under consideration.

A medical friend, aged thirty-two years, in good health,

kindly submitted himself for experimentation, and aided

with his intelligent and skilful assistance. When the cardiac

and arterial tracings were being taken together, the subject

occupied the left prono-lateral position, and held the cardiac

base in place himself, whilst the author held the arterial base

and manipulated the apparatus, as he did likewise when the

pairs of arterial tracings were taken, the subject also holding

one base in situ. The stage-movement was set at a rather
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greater speed than usual, in order to show better the curves

and distances. The adjustments were all in order, and every

care was observed to insure truthful results.

The tracings as produced were marked with the name of

the artery, or arteries, and then fixed by the accustomed

method. In due time they were prepared for the engraver

by adding the lines and inscriptions which appear in the re-

production, and are as follows: A, of each tracing, is the

curved line already on the glass, made by the lever before

the start of the carriage, and from some point in which line

the tracings begin. The lines B and C were drawn with a

compass whose span equalled the length of the levers ; the

glass and fixed point of the compass being in the same rela-

tive position as the glass and pinions of the levers respec-

tively, so that the lines described by the free point of the

compass would be parallel throughout with lines described

by the levers on the glass at rest. In this manner £ was

drawn through the point of ascent of the cardiac trace, and

C through the point of ascent of the arterial trace. Or,

where two arteries were under experiment, B was drawn

through the point of ascent of the proximal, and C through

that of the distal. The curve B, on the pulse-line, was

drawn at the same distance from A of this line as that be-

tween A and B of the heart-line; and the curve C on the

heart-line was drawn at the same distance from A of this

line as that between A and C of the pulse-line. The same

rule was observed in drawing the curves for the pairs of arte-

rial traces. The distance B C measures in horizontal line

the difference between the points of ascent of the cardiac

and arterial traces represented. The time value of ^ C is

ascertained by its measurement on the proper part of the

chronogram, and to indicate which the linesA andB from the

lower tracing were carried down. The other markings need

no special designation here, but will be referred to in the

proper place. The engravings are faithful reproductions. *

It is evident that the series represents the form, relation,

duration, and succession of the movements pertaining to the
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same pulsations, as they emanate from the heart and display

themselves in different arteries. Both in cardiac and arterial

traces the space between the successive basal points of the

main ascending lines measures an entire round of pulsation,

and, in the corresponding pulsations of the respective pairs,

these distances are found to be equal. The distance B C
running through the series, and seen of different lengths,

represents, as before remarked, the asynchronistn between the

beginning of these corresponding pulsations.

The chronometric differences, obtained by the means and

in the manner above described are as follows

:

No. I presents a tracing of the he^irt, the carotid artery,

and the divisions of time. A B shows the distance to the

commencing cardiac pulsation, and A C the distance to the

commencing carotid pulsation ; while B C shows the differ-

ence between these beginnings. B C, taken accurately be-

tween the points of hair dividers, and then placed on a hun-

dredth-inch scale, under a magnifying glass, was found to span

6|- of the divisions, while the fifth of the second, of which

A B is a. part, was found to span 131^ of the divisions. So
the formula stands : A B — _U^_ oi X. — J^ second. Ratio

131-2 o 1 U

to plusation,
-J-.

No. 2 is a repetition of No. i, the tracings taken with the

bases reversed to show that the difference obtained was not

produced in the instrument, but by the action of the organs,

on which it was placed. The difference, worked out as in the

preceding, gives the formula : B C^^ of ^ = -^^ second.

No. 3 contains a tracing of the heart, and temporal artery

in front of the ear, with accompanying chronogram. The
difference is expressed by : B C ^ Tt~n °^ i — ^w second.

Ration to pulsation, ^.i^-

No. 4 shows the pulsations of the heart, and brachial

artery at the bend of the elbow ; also the time. Difference

expressed hy. B C" = '"'^ of ^ = y.^ second. Ratio to

pulsation, f.-Jij-.

No. 5 is a tracing of the heart, and femoral artery at the

groin, and the time. Formula of difference expressed by :

.5 C= -f^ of -^ = ^.l^y second. Ratio to pulsation, -g-.-^.
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No. 6 is of the heart and radial artery, with time-Hne.

Formula of difference : i? C= ^ of § = -g-ig- second. Ratio

to pulsation, y^^.

No. 7 shows the pulsations of the heart, and posterior tibial

behind the malleolus, with corresponding time. Formula of

difference : B C = ^^^ of i = f.-ks second. Ratio to pul-

sation,
g-.fj-.

No. 8 shows tracings of the carotid, and temporal in front

of the ear, and the time. Formula of difference : ^ C = -fl

of ! = -gij- second.

No. 9 shows tracings of the femoral at the groin, and pos-

terior tibial behind the malleolus, with the time. Formula

of difference : BC=^^oi\ = -^ second.

The original glasses give perfect delineations of these asyn-

ch^ronisms. The measurements were made from the glasses.

For the figures given a limited margin is asked on account of

the difificulty of defining precisely the point of ascent ; this,

especially in the arterial traces, being more or less obscured

in a curve. It is believed the fractions given do not err in

any instance to exceed the one hundredth of a second.

Many tracings have been taken besides these now recorded,

and the differences calculated from them, and, .while the re-

sults vary somewhat under modifications of the circulation

consistent with health, the average for a healthy man corre-

sponds with the figures announced.

It will be noticed that the fifths of seconds vary in the

measurement from twelve and a half to fifteen hundredths

of an inch. At first view this might be taken as showing

irregularity in the time measurement ; but, in reality, it notes

the unequal speed of the carriage. As more or less inequal-

ity pertains to the run of the best-constructed stage-move-

ments, the necessity of the chronograph becomes apparent.

A second set of tracings are presented in two series : one

from a man, in health, aged fifty years ; the other from

a man, in health, aged twenty-five years. The radial pulse

of the older subject, designated by K, is usually 72 to ^6 per

minute, but runs faster under experimentation ; it is regular,
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ample, and resisting to the fingers. In the tube, the highest

undulations are displayed at 16° of pressure, the same rising

and falling one and a half to two degrees ; decline gradual,

and marked by the lesser oscillations. The form of the

tracings, as seen, confirms these indications, and demon-

strates the pulse to be above the average in tension and

resistance to pressure.

The radial pulse of the younger subject, designated by L,

runs from 62 to 72 per minute ; it is ample, bounding, dicro-

tous, and compressible to the fingers. In the tube, the

undulations are highest at 12° of pressure, rising and falling

two to two and a half degrees. The form of the tracings,

as seen, confirms these indications, and demonstrates the

pulse to be below the average in tension and resistance to

pressure.

The advantage, thus, of two sets of tracings, which, while

proving each other, and showing the relations sought to be

determined, serve to demonstrate very closely the physio-

logical chronometric range and average, in the movements
of the adult heart and arteries, becomes forcibly manifest.

Demonstrations.

Problem, i.—To determine the average time-difference

between the carotid and dorsalis-pedis or posterior-tibial

pulse.

Solution hy Plates No. 11 of the AT series and No. 17 of

the L series, ^'s time, o''.i25 = \, and Z's time, o".i66 -\-

= ^ of a second. Mean result, o".i458 = -j-.^ of a second.

Problem 2.—To determine the average time-difference

between the carotid and femoral pulse.

Solution by No. 12 of the isfand No. 18 of the L series,

^'s time, o".o5 = ^, and L's time, o'-ogop = yV of a second.

Mean result, o".o704 = -j-^.y of a second.

Problem 3.—To determine the average time-difference

between the femoral and dorsalis-pedis or posterior-tibial

pulse.

Solution by No. 13 of the .^and No. 19 of the L series.
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^'s time, o".075 = TS^?¥' ^"^ ^'s time, o".07i4 = ^ of a

second. Mean result, o".0732 = y^Vs" °f ^ second.

Problem 4.—To determine the average time-difference

between the carotid and radial pulse.

Solution by No. 14 of the K and No. 20 of the Z series.

K\ time, o".07i4 + = xV- ^"^^ Z's time, o".o88 + = -^)^-^

of a second. Mean result, o".o797 = rs^-g^ of a second.

Problem 5.—To determine the average time-difference

between the radial and dorsalis-pedis or posterior-tibial

pulse.

Solution by deducting iT's carotid-radial time, No. 14,

from his carotid-dorsal. No. 1 1, which gives o".0536 = tjW
of a second, and by No. 21 of the L series, which gives

o".o625 = .jig- of a second. Mean result, o".os8 =TfVj °f ^

second.

Problem 6.—To determine the time relation between the

femoral and radial pulse.

Solution by No. i S of the K series and No. 22 of the L
series. In K the femoral precedes the radial by about

o".02 = ^ of a second, while in L the radial precedes the

femoral by a time too short for any thing like accurate

measurement. Mean result, antecedence of the radial

pulse probably not longer than o".oi = y^ of a second.

Problem, 7.—To determine the average time-difference

between the systole of the ventricle and the carotid pulse.

Solution by No. 16 of the ^and No. 23 of the L series,

.^'s time, o".o77 = ^^ of a second ; Z's time, o".ioo = -jig- of a

second. Mean result, o".o884+ = ttVis' '^^ ^ second.

From the above facts are deduced the following

:

Corollary i.—In different individuals the time difference

of the pulse between the same designated arterial points is

subject to marked inequality.

Corollary 2.—In such comparison the asynchronism be-

tween the carotid and femoral pulse shows the greatest

diversity.

Also, from the above, and other proper data of the plates,

is deduced

:
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Corollary 3.—In the same individual the time difference

of the pulse between the same designated arterial points, as

noted at different times, and even in successive pulsations, is

liable to a limited variation.

The next problems concern the rate of transmission of the

pulse-wave as a whole along the arterial lines. The solutions,

in addition to the data already presented, call for those ex-

pressing the arterial distances between the points under ob-

servation. The latter have been approximately ascertained

by careful external measurements, and will be stated in

order as required.

Problem 8.—To determine the average mean velocity of

the pulse-wave along the arterial tree from the trunk near

the root to a branch in the foot.

Solution.—K measures from the third cartilage point,

opposite the aortic orifice, to the carotid and dorsal points

respectively, 7 and S3 inches. Six inches is added to the

latter distance, to cover the aortic arch. Evidently, then,

the distance represented by the difference between the

carotid and dorsalis-pedis pulse is : 53 -(- 6 — 7 = 52 inches.

Carotid-dorsal time difference, o".i25, is to distance trav-

ersed by pulse-wave (52 inches) as 1". is to the velocity of

pulse-wave per second, viz., 416 inches. The same operation

applied to L yields the formula : o".l66 + : 51 inches : : i". is

to the required answer, viz., 306 -|- inches per second. Mean
velocity, 361 inches per second.

Problem 9.—To determine the average velocity of the

pulse-wave along the aorta and iliacs to the femoral at the

groin.

Solution.—^'s carotid-femoral difference or transit time

(No. 12), o".o5 ; distance traversed, 17 inches. Result, 340
inches per second. Z's carotid-femoral transit time (No. 18),

o".909; distance traversed, 18 inches. Result, 198 inches per

second. Mean velocity, 269 inches per second.

Problem 10.—To determine the average velocity of the

pulse-wave along the arteries of the inferior extremity from

the femoral at the groin to the dorsal of the foot.
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Solution.—^'s femoral-dorsal transit time (No. 13), o".075;.

distance traversed, 35 inches. Result, 466 inches per second.

L's femoral post-tibial transit time (No. 19), o".0714; distance

traversed, 33 inches. Result, 462 inches per second. Mean
velocity, 464 inches per second.

Problem 1 1 .—To determine the average velocity of the

pulse-wave along the arteries of the upper extremity from the

subclavian, at a point seven inches from the heart, to the

radial at the wrist.

Solution.—^'s carotid-radial transit time (No. 14), o".o7i4;

distance traversed, 23 inches. Result, 322 inches per second.

Z's carotid-radial transit time (No. 20), o".o88 + ! distance

traversed, 23 inches. Result, 258 inches per second. Mean
velocity, 290 inches per second.

Data are now at comrhand for solution of

—

Problem 12.—To detei^ine the average duration of the

pre-sphygmic portion of ventricular systole ; or, in other

words, the interval between the beginning of ventricular

contraction and that of aortic expansion.

Solution by Calculation.—The velocity of the pulse-wave

between the ventricle and carotid must be essentially the

same as that along the aorta and iliacs. The measurement

between the ventricle and carotid point is seven inches.

Hence, by these data, ^'s transit time over- the distance be-

tween the heart and carotid point is o".02o6, which, deducted

from K's time difference between these points, viz., o".077,

gives the result, d'.oi,6\. The same operation carried through

L gives the result, o".647. Therefore the mean result is

o".6o5 = T^?y2^ of a second.

Solution by Direct Demonstration.—In K, No. 16, line 2

cuts the cardiac trace at the point which marks the end of

systole, and line 2' cuts the carotid trace at the apex of the

second wave, which also answers in the pulse to the cessation

of cardiac systole. B and C, as usual, mark respectively the

beginning of ventricular contraction and that of arterial ex-

pansion. Then the space B 2 represents the whole of ven-

tricular systole, and C 2' the whole of pulse-expansion due
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directly to ventricular systole ; and the difference between

these distances represents the duration of the pre-sphygmic

portion of ventricular systole. C 2' placed within B 2 spans

from 2 to the dotted line. Hence, the space between B and

the dotted line is the interval sought. This measures by the

chronogram o".0564 = xt?T¥ o^ ^ second. The same process

applied to L, No. 23, yields the result, o".o647 = yyijy of a

second. Mean result, o".o6o5 = i-b-?^-^
of a second.

The subjoined table affords a compact record of the lead-

ing facts so far demonstrated :

POINTS UNDER EXPERIMENT.
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2. The rate is minimum for the aorta, maximum for the

arteries of the lower extremity, and intermediate for those

of the upper extremity.

3. Along the same arterial line the rate increases as the

distance from the heart increases.

4. In the same healthy individual, in the same arteries, the

rate is subject to a limited variation.

5. In different healthy individuals, in the same arteries, the

rate is subject to marked diversity, of which the widest is in

the aorta.

6. Both in the same and different healthy individuals, the

pre-sphygmic portion of the systole of the ventricle is liable

to considerable variation.

Explanation of Plates.

Tracings are in pairs, one above the other, taken at the same time, on the

same glass. On most of the plates the same arteries are traced by reversal of

the bases, for the purpose of proof. Near the lower margin of each plate is

the time-line, showing fifths of a second between the points. The arteries will

be recognized by the abbreviation near the trace. A, A' , are the curved lines

made by the levers before the start of the carriage ; and a is made in like man-

ner by the time-tracer, and marks the beginning of the chronogranj. ^ is a

line drawn, parallel with A, through the basal point of the proximal trace
;

and Cis a line drawn, parallel with A' , through the basal point of the distal

trace. The space .S C is the difference between the proximal and distal pulsa-

tion, and figures express the value of .5 C in fractions of a second, as carefully
'

computed from the chronogram.

I, 2, 3, are lines parallel with A and B, cutting the apices of the first and

second'waves, and the aortic notch of the third or aortic wave, respectively
;

andl', 2', 3', are lines parallel with^' and C, cutting the distal pulsation/at

the same respective distances from C as I, 2, 3, are from B.

The figures within a pulsation indicate its frequency per minute.

On Nos. 16 and 23 the dotted line between B and C divides B C into pre-

sphygmic and transit time. PR. is for pressure, and the following figure indi-

cates the number of degrees, by the tube, at which the traces were taken.

Int., interval; dist., distance; vel., velocity. The other abbreviations

•cannot be mistaken.

The fine line leading from ^ C to the time-line shows the proper space from

which the difference was estimated.

I

Problem 13.—To determine, in the arteries under observa-

tion, the rule of the time relation of the three principal sec-



TheK Series, from a Man, in Health, aged 50 Years.
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ondary waves to the beginning of tlie pulsation of wiiich they

are parts.

While fully appreciating the difficulty of an exact render-

ing of the specific facts embraced in the chronometry of the

secondary waves, the data in hand are offered as competent

for the solution of the problem as stated above.

Solution, by a critical examination of the plates. The
position of the lines i', 2', 3', on the distal trace, as to the

summits of the first and second waves, and the aortic notch

or beginning of the third wave respectively, sho.ws the rela-

tion sought ; inasmuch as these numbered lines are placed at

the same respective distances from Cas i, 2, 3, on the proxi-

mal trace, and exactly cutting the secondary waves, are

placed from B.

In the reading it is important to consider that the aortic

is truly a double wave, and that the first indentation is

properly the aortic notch. The double form is shown dis-

tinctly in the carotid, and is more or less indicated in the

femoral traces. In the radial, dorsal, and posterior tibial, it

scarcely appears.

Examination of the pairs of the K series, all shown by

reversal, yields the following results

:

1. The first and second waves of all the pairs attain their

summits as early in the distal as in the proximal arteries—in

the dorsalis-pedis as in the carotid pu-lse.

2. The beginning of the third or aortic wave is slightly

but clearly delayed in the dorsal as compared with the

femoral and carotid pulse, while delay is scarcely shown

in the femoral and radial as compared with the carotid

pulse, and in the femoral-radial pair the correspondence is

complete.

Examination of the pairs of the L series (part shown by

reversal) yields the following results :

I. The first wave is shown to attain its summit at the

same time in the posterior-tibial and carotid pulse (shown by

reversal) ; in the femoral and carotid ; in the radial and caro-

tid ; in the femoral and radial; while the summit is shown
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very slightly delayed in the posterior tibial as compared both
with the femoral and radial.

2. The second wave is shown slightly antecedent in the

femoral and subsequent in the radial, as compared with the

carotid ; delayed in the radial as compared with the femoral,

and in the posterior tibial as compared with the femoral,

radial, and carotid.

3. The beginning of the aortic wave is shown delayed in

the distal pulse of all the pairs except the femoral-radial, in

which it marks corresponding time.

Allowing for fallacies, and giving the above results a judi-

cious interpretation, the premises will justify at least the fol-

lowing statement

:

Rule I.—The interval between the beginning of the pulse

and its acme of expansion is the same in all parts of the arte-

rial system.

Rule 2.—In certain conditions of the vessels and circula-

tion the second wave keeps close time with the first in the

onward flight, while in certain other conditions of the same
the second falls notably behind the first in the progress from

the heart.

Rule 3.—The aortic wave rises later in the distal than in

the proximal pulses, and latest in the pulse most distant from

the heart.

Are the foregoing data reliable ? With certain reserva-

tions and restrictions, they are. The time differences shown

on the engravings are not the certain expressions of the ex-

act asynchronisms between the pulsations represented, but

they are, indeed, extremely fine approximations thereto.

The basal point of ascent from which the measurements

were made is notably the most stable of any in a tracing.

In the mechanism the lever has descended and become poised

for the moment before it mounts up again on the current

wave. Thus the basal point is wholly removed from the dis-

turbing influence of inertia of the lever. The other chief

obstacle to a good tracing—namely, undue friction of the

writing-point against the slide—is so palpable when present.
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and so easily obviated, that this cause of displacement of

the basal point need never be operative. Indeed, so little

liable is this point to fallacious deviation, that its indications

may be relied upon even in tracings not altogether faultless

in form. In the tracings given, the basal point of each and

every pulsation is unquestionably in its true position. The
instrument, properly charged and adjusted, and used with

skill and care, is simply incapable of erroneous registry of this

point. Whence come, then, the errors admitted as liable in

the representations of the time differences ? The automatic

registry is perfect, but the estimation thereof is imperfect.

The measurements are subject to fallacy from two sources

:

one, the difficulty of exactly locating the basal point, more

or less obscured as it is in a curve ; the other, an unnoted

change in the speed of the carriage taking place within the

limits of the time-points from which the measurements are

made. The first source, it would seem, is unavoidable, and

must be continuous; the second may be obviated when we
attain to a mechanism that will move the slide with a

certain unvarying speed. As no error attaches to the time-

line, and the time differences were carefully computed from

it, deviations on account of unequal movement of the slide

are at a minimum ; and, indeed, aberrations from the causes

named, even when acting in conjunction, are too inconsider-

able to affect appreciably the value of the data determined.

The method by reversal of the bases obviously affords

positive proof that the instrument was delicate and true, and

gave the correct difference between the points to which the

bases were applied.

Each pair of tracings presented was selected from many
taken from the points designated, the asynchronisms in all

having been measured and noted. The small range of varia-

tion in the measurements was to an extent equalized in the

representation by choosing and marking a pulsation whose

time difference, as ascertained, was a near avera'ge of the ob-

servations. And yet these individual variations, while real,

come in to mar the harmony of results, and prevent agree-
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ment in figures it would be satisfactory to have. Thus, the

carotid-post.-tibial time should be equal to the sum of the

carotid-femoral and the femoral-post.-tibial time, and either

of these latter subtracted from the first should leave exactly

the other. This agreement does not quite obtain in the L se-

ries. However, these discrepancies are small, and not serious.

In the tracings by reversal, pulsations were selected—one

pair from each other—whose time differences were equal.

In Z,'s cardiac-carotid tracing, No. 23, two time differences

of unequal value are marked—one on each side of the reversal

lines. This was done to show the variation which may be

noted in the time difference between the heart and carotid

in so short an interval. The estimates were made from

the longer time, because this is L's more usual time between

these points.

The measurements of the arterial lengths included be-

tween the arterial points are approximations, but must be so

near the true distances that but very small error can arise

from this source in the calculation of wave-velocities.

In regard to the data for determining the relative chro-

nometry of the secondary waves, it is proper to premise that

such data can only have value in the best-formed tracings.

Between the basal point and aortic notch, friction and

inertia exert their disturbing sway, and in consequence the

apices of the first and second waves are frequently traced

out of their true position. The aortic notch is less influ-

enced than the preceding waves by extraneous causes, and,

next to the basal point, it is the most stable. The summit

of the aortic wave is uncertain.

The tracings given are free from distorting effects of fric-

tion, for all were taken with as light pressure of the tracer as

possible to secure delineation. Inertia of the lever does not

seem to have had appreciable effect upon the AT series, and

the reversal showing the points of the waves in the same
relative position proves the perfection of this record.

In a part of the L series effects of inertia seem visible.

This would be expected in a pulse of low tension and high
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amplitude. Supposed fallacies are : a, postponement of

the apex of the first wave of the femoral and of the radial,

compared each with the posterior tibial ; b, antecedence of the

second wave of the femoral compared with the carotid
; c,

excessive postponement of the second wave of the radial

compared with the femoral ; and d, excessive postponement

of the second wave of the posterior tibial compared with the

radial and femoral. In other respects, the L series would

appear to be a true exposition of the relations of the

secondary waves.

The relations shown of the femoral and radial pulse to

each other, in the two series respectively, afford striking con-

firmation of the fidelity of the entire exposition. The
femoral pulse in the K series, notably preceding the radial, is

what must be if the expressed time-differences and velocities

between the carotid-femoral and carotid-radial are correct

;

while the femoral pulse in the L series, slightly succeeding or

about equaling in time the radial, is what must be if the ex-

pressed time-differences and velocities between the carotid-

femoral and carotid-radial are correct. The contrast has

been noted in at least a score of tracings from these subjects,

and in no instance has it failed to be observed.

In the preparation of the glasses, the added lines were

drawn with exceeding care, and the proper figures and letters

written in their places. The transfer to wood was effected

without change, by photography—the glasses used as

negatives in direct contact with the sensitized blocks

;

skilful cutting completed the work. The reproduction

appears perfect.

The Velocity of the Pulse-Wave and Duration of the Ven-

tricular- Carotid and Ventricular-Presphygmic

Interval in Young Children.

By the method already detailed and with equal care a

considerable number of observations have been made on the

velocity of the pulse-wave in young children ; and the results

of these are fairly represented in the subjoined series of
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tracings procured from a healthy little boy aged 4^ years.

The tracings were all taken at one sitting ; and, although

defects of form are plainly visible, they are perfect as re-

gards the basal points of ascent and representation of the

time differences, which alone concern the immediate in-

vestigation. Finer-formed tracings could have been ob-

tained by repeating the experiments, and multiplying the

sittings, but this would have consumed unnecessary time

and enforced upon the little subject undesirable restraint.

The irregularity of rhythm is not greater than that which is

often observed in the pulse of young children.

The temporal in front of the ear was chosen instead of the

carotid, because the former answered the purpose very

nearly as well, and the latter could not be subjected to

sufficient pressure without annoyance to the child.

The space between the lines B and C, as heretofore,

shows the time difference, and the figures express the same.in

decimals of a second, as computed from the chronogram

marking fifths of a second between the points.

ASA AGED 4^

^ H EA Rl
B TEMPORAL

B,'!*^ TEMPORAL B (7 DORSAL
A' 0,

-120

J3 C DORSAL
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Respecting the comparison of velocities in the trunk and

upper extremity, in young children, as shown by Asas'

figures, these are so close as to preclude a positive conclusion

as to which preponderates. The same is the case in K, while

in Z a notable preponderance is shown in favor of the upper

extremity. In the trunk, it is shown that Asa's velocity is

greater than Z's, and much less than ^'s. In the upper ex-

tremity, it is shown that Asa's velocity is about equal to Z's,

and considerably less than iT's.

From a consideration of all the showings, the inference

seems just, as a general proposition, tJmt the mean velocity of

the pulse-wave increases with increase of age.

In young children, closely associated with the pulse-wave

velocity are : {a) the time difference between the heart and a

near available artery, and {b) the duration of the ventricular

presphygmic interval. In the investigations attention also

has been given to these points. No. 24 of the series gives a

fair representation of the results as to the entire difference

in time between the cardiac and temporal pulsations. The

showing is plain, and the measurement is placed at .08 of a

second. The presphygmic interval is arrived at by deduct-

ing the transit time, as computed, on the basis of the wave-

velocity in the upper extremity, at .035 of a second, from the

entire time-difference. Thus .080— -035 = .045 of a second.

So from the data we are enabled to formulate two inter-

esting facts

:

1

.

The time difference between the beat of the heart and the

carotidpulse is very nearly the same in young children as in

adults.

2. The interval between the contraction of the ventricle and

expansion of the artery is notably less in young children than

in adults.

The reason of the phenomena we are becoming acquainted

with will be an interesting study ; but at present we are con-

cerned with the immediate facts, well knowing that the ex-

planations will be easier in proportion as the facts are more

complete.



CHAPTER II.

CARDIOGRAPHY—VENTRICULAR SYSTOLE AND DIASTOLE,

THEIR RELATION TO EACH OTHER AND THE HEARTHS

REVOLUTION—MECHANISM OF THE CARDIAC AND AR-

TERIAL TRACES—THE NEGATIVE ARTERIAL TRACE

—

THE PRESPHYGMIC INTERVAL.

Cardiography.

CARDIOGRAPHY comprehends the art and science of

the instrumental registry of the niovements and

phases of the heart's revolution. Or, the term may desig-

nate either the art of producing, or the science resulting

from, such graphic representations. The instrument which

writes the changes is properly termed the cardiograph,

and the graphic line produced by it, the cardiogram.

Cardiography is less known and practised than sphygmog-

raphy ; nevertheless its history is not unworthy of atten-

tion.

The first successful auto-records of the living heart were

obtained in i860 by Chauvean and Marey in their brilliant

series of experiments on the horse. These experiments have

become classical, and their technique need not be detailed

here. Suffice it to state that the variations of the blood-

pressure in the cavities of the heart and in the aorta, as also

the impressions of the heart against the chest-wall, were

faithfully and simultaneously recorded during the heart's

revolutions.

In the preceding chapter appear eight cardiograms, each

embracing six or seven full pulsations taken from a healthy

55
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man, aged thirty-two years, with chronograms in fifths of a

second written at the same time. The heart, tested by pal-

pation, auscultation, the cardiometer, and cardiograph, was

found normal in force, sounds, amplitude, and rhythm;

and by comparison with many others it was found to fairly

represent in its movements the average of healthy human
cardiac pulsations. They are regarded as typical, and they

are commended as showing the true systolic and diastolic

relationships. Four other fardiac tracings—two each from

K and L—also appear. T^l^se, though less finely delineated

in the smaller waves thaq thpse just named, show very dis-

tinctly the beginning and epd of ventricular systole.

The table on opposite page is a collation of facts derived

from measurements on the phronograms of pulsations from

the above-named cardiogfap^s. Of the eight, two consecu-

tive pulsations from each were measured. Of the K and L
cardiograms, one pulsation from each was measured. In Nos.

I, 2, 3, 5, 6, and 8, the measyreii;ients are from contiguous

pulsations on either side of \\n^ B : in Nos. 4 and 7 they are

from consecutive pulsations following the line B ; and in

Nos. 16 and 23, from single pulsations following the line B
on either side of the reversal lines.

The data of the table indicate the truth of the following

propositions

:

1. In the normal heart the rhythm of its movements

is continually changing, and the change pertains to the

duration of its entire revolution, and to that of both systole

and diastole.

2. The duration of the diastole changes in much greater

degree than that of systole.

3. A longer systole may go with a shorter pulsation; and

a shorter systole with a longer pulsation.

4. Invariably a longer diastole goes with a longer pulsa-

tion, and a shorter diastole with a shorter pulsaticin.

5. In the normal heart, beating at about 75 to the minute;

the average ratio of systole to diastole is very nearly as two

to three.
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Table showing, in decimals of a second, measurements ofthe normalhuman heart's

Sys
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closure and tension of the auriculo-ventricular valve, open-

ing of the semilunar valves, impulsion of blood through the

arterial orifice, reduction of volume, variable maintenance

(after the first change) of contraction, hardness, and pres-

sure, and systole suddenly changing into

—

(4) Ventricular diastole, with relaxation of the fibres,

softening of the parietes, sudden fall to negative of the

blood pressure, opening of the auriculo-ventricular valve,

closure of the semilunar valves, filling of the cavity from

the auricle, gradual rise by stages of the blood pressure,

augmentation by stages of the volume.

(5) The changes and conditions of arterial filling and

emptying.

The elements which determine mainly the formation of

the cardiac traces are :

—

(i) Changes of contraction and relaxation of the cardiac

fibres.

(2) Changes of intra-cardiac blood pressure.

(3) Changes of consistence of the cardiac walls.

(4) Changes of volume of the heart.

The cardiac trace is produced in man by the instrumental

registry of the variations of protrusion and recession of the

intercostal space, occasioned by the action and states of the

heart beneath. In general terms the space advances and

remains more or less elevated during ventricular systole,

while it recedes and remains more or less depressed during

ventricular diastole.

We will now endeavor to discern the normal types of the

individual factors above stated, whose composition must

form the true normal cardiogram.

(i) Systole of the ventricle is marked by contraction

of the fibres of the ventricle. At the end of the systole fibres

relax, and diastole is marked by relaxation of the ventricular

fibres. It is well known that the ventricle continues for a time

to alternately contract and relax, even when its cayity is de-

prived entirely of blood
;
yet in normal action it is true that

the force and duration of contraction are influenced by the
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resistance to be overcome. Experiment shows that a stim-

ulated muscle contracts stronger and longer when weighted.

So the ventricle will modify its force of contraction by the

resistance to the exit of its blood, and will continue its

action, within limits, until the object of its systole, the dis-

charge of an adequate volume of blood into the artery, has

been fulfilled. Accordingly, then, it is conceived that con-

traction begins and increases its force until the semilunar

valves open and the blood begins to escape. As the blood

passes out into the relaxed aorta the resistance diminishes,

and with this the force of contraction diminishes ; the aorta

becoming filled the resistance increases, and with this the

force of contraction increases. It seems probable that the

arterial resistance is carried back to the ventricle and stimu-

lates its renewed contraction in the form of a double effort,

the last one the stronger. 'Systole being completed, con-

traction suddenly changes to complete ' relaxation of the

fibres, and the flaccid condition continues throughout ven-

tricular diastole. The module, then, of systolic contraction

of the ventricle would be a line first ascending quickly to a

high point, then turning a little downwards, then forming a

small upward wave, then a wave running as high at least as

the level of the first summit ; and the module of diastolic

relaxation of the ventricle would be a line quickly descend-

ing from the high level of the end to the level of the begin-

ning of systolic contraction, and thence running horizon-

tally to the end of diastole. This type is represented in the

plate. No. I., by the line beginning with a b and continued

by the uppermost dotted line to a!

.

(2) The module of intra-vc itricular blood pressure is,

in systole, closely that of ventricular contraction. Pressure

and contraction must begin simultaneously (although the

latter is the initial condition), and the elevation of the one

and force of the other ^roceeA paripassu, and the climaxes

aft reached at the same time. After the opening of the

valves to the end of systole the blood pressure first falls

sharply, then is checked and raised a little by the establish-
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ment of arterial tension, and then raised more decidedly by

the increased force of contraction engendered by the

arterial resistance. Thus in strict comparison the waves of

blood pressure are sharper than those of contraction, the

first fall and second rise of the former leads the weakening

and strengthening of the latter, while the renewed contrac-

tion leads in turn the third and last rise of blood-pressure.

In diastole the blood pressure first descends below zero,

then rises by the influx of blood from the auricle, then more

slowly by the continued but slower flow, and then more

rapidly again by the auricular charge. The type, then, of

the variations of intra-ventricular blood pressure would be,

in systole, a line beginning as with a b, then running by the

second dotted line to the point intersected by E, and, in

diastole, continued by e f, and thence on to a' , nearly by the

course of the solid middle line there seen.

(3) The changes of consistence of the ventricle are a
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1

varying hardness during systole and a varying softness

during diastole. The varying hardness of systole is the

result of changes of contraction and changes of blood

pressure combined, and its module is essentially that of

changes of blood-pressure. The varying softness of diastole

is the result of relaxation and changes of blood pressure

combined, and its module \& purely that of changes of blood-

pressure. So the line of changes of consistence of the ven-

tricle would be essentially the same as that of variations of

intra-ventricular blood pressure before described.

(4) The changes of volume of the ventricle are reduction

by stages during the sphygmic portion of systole and aug-

mentation by stages during diastole. After the beginning

of contraction the ventricle remains at its maximum volume

until the blood begins to flow from its cavity. The escape,

at first free, permits, at first, rapid diminution ; the escape,

retarded by the arterial filling, checks the rate of diminution
;

and the escape again accelerated by the renewed vigor of

contraction increases again the rate of reduction. Contrac-

tion changing to relaxation, the ventricle suddenly enlarges

by lengthening of its fibres and elasticity of its walls, and

quick falling into it of blood from the auricle ; then the en-

largement is slowed, for a time following a slower influx, and

next is accelerated again by the charge of auricular systole.

Thus the module of changes of volume of the ventricle is

typified, in systole, by a line first horizontal, then quickly

descending, then more slowly descending, and then again

more rapidly descending ; in diastole, first quickly, then

more slowly, and then again more rapidly ascending. This

type is shown in the lowest dotted line running from a

to a'.

Such is the analysis and representation of the phenomena

of the movements bearing upon the formation of the car-

diac trace. Are these modules correct ? They are consist-

ent with accepted physiology of the heart's movements;

they are supported in principal features, as self-evident

propositions, and for the most part they have been con-
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firmed by experiment.* With regard, however, to the i

termediate systolic wave, it is admitted that other agencii

might be adduced as auxihary factors in its productio

and that these agencies might sometimes cause the wave 1

present in multiple form. These agencies are : («) locom^

tion of the heart by back action as the issuing blood mee
with resistance

; {6) locomotion of the heart by lateral pre

sure of the pulse wave as it distends the descending aort£

and {c) vibration of the ventricular parietes under the sy

tolic effort and arterial resistance. These factors, if operative

would usually accord in time with the resistance reflected b

the interior, and so contribute to the production of the ii

termediate wave as ordinarily seen ; but if, peradventun

they should be discordant, then the wave might appej

multiple, as sometimes seen, instead of single.

Accepting, then, the representations given as substantiall

true, we proceed to seek in the synthesis of these lines th

normal type of the movements of the heart.

We have seen that the modules of contraction, consis

ence, and pressure resolve themselves essentially into that c

intra-cardiac pressure ; so the composition sought is sul

stantially between the two lines of pressure and volum(

which so far simplifies the investigation.

In the first part of systole—that is, during the pre-sphygmi

portion, there being no volumetric decline, the intra-ventrici

lar pressure rises without limitation from this cause to it

high point of climax, but from this point the line of systol

is lower than the line of pressure would make it, in const

quence of reduction of ventricular volume ; in the oscill;

tions of blood pressure each decline and each elevation mar

a lower position, and the level of the end of systole is muc
below that of the first summit. The diastolic line of rece:

sion is shortened in the upper part, and the rest of the lin

corresponds with that of pressure. The line, then, we woul

construct from these elements as the module of the heart'

pulsation is the solid line, a, b, c, d, e,f, g, h, i, a', and thisi

* See " La Method de Graphique,'' p. 386.
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a real trace of a normal human heart, enlarged to double

size by photography.

The module of auricular systole evidently would be com-

posed of contraction of the auricular fibres and intra-auricular

blood pressure, and would manifest itself at the surface of

the auricle as a single rising and falling Wave, appearing a

little before the advent of ventricular systole, but over the

ventricle this wave would divide itself into two small ones,

the first representing the beginning of contraction, and the

second the impulsion of blood into the ventricle. Thus the

waves h i stand respectively for these events.

We maintain that this division of the effect of auricular

systole at the surface over the ventricle is favored in sound

theory, and the constancy of these small waves in all well-

taken cardiograms is confirmatory proof that such is the

mechanism of their production.

This cardiogram, taken from a man in health, aged twenty-

eight years, is a trustworthy representation of the move-

ments it followed, and is equal to the best specimens of

cardiographic art. It shows correctly the phases and limits

of ventricular systole and diastole, and the markings of

auricular systole. The valvular closures it does not dis-

tinctly show. We know that the auriculo-ventricular valve

closes in the first part of systole, and the semilunar valves

close in the first part of diastole, but these events are

drowned, as it were, in the greater events which include

them, and transpire, the one whilst the lever is rapidly

ascending, the other whilst it is rapidly descending, thus

contravening a distinct record of their occurrence. It some-

times happens, however, that a cardiogram of very sloping

descent will show a break which marks the closure of the

semiiunar valves.

Mechanism of the Arterial Trace.

In the plate the tracing below the cardiac is that of the

carotid artery taken simultaneously with the former. It,

too, is a typically correct representation of the arterial move-
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merits it followed. This trace would differ from a trace of

the commencing aorta only in smaller amplitude and a little

greater delay on the pulsation of the heart. Allowing only

for the latter it may be studied as if it were an actual trace

of the initial aorta.

Below is the time in fifths of seconds written by a chrono-

graph also simultaneously with the pulsations. A A' are

the signal lines made by the levers with the recording slip

at rest ; B, parallel to A, cuts the basal point of the cardiac

trace which marks the beginning of ventricular systole ; and

C, parallel to A', cuts the basal point of the arterial trace

which marks the beginning of the pulse ; B' C shows the

difference in distance between A B and A' C, which is the

delay of the pulse on the heart, and measured on the chrono-

gram its time-value is neatly found ; also E, parallel to A,

cuts the point marking the end of the cardiac systole, and E',

parallel to A' , cuts the pulse trace where it may, the dis-

tance A' E being the same as A E oi the heart line.

Under the systole of the ventricle at the opening of the

aortic valves the blood is launched into and expands the

artery. Under the charge the climax of arterial tension is

soon reached, but is rapidly receded from in consequence of

the quick, outward flow of the blood. Thus is formed the

first wave of the pulse and first line of recession. The
climax of arterial tension is reflected through the open valve

back to the heart where it raises a small wave of pressure

and excites the ventriple to renewed contraction. This last

effort of the ventricle quickly sends forth more or all of the

remaining contents staying the arterial recession, and raising

a second wave. Thus is formed the second wave of the

pulse. Systole being ended and diastole begun, the pressure

in the ventricle becomes negative, which starts the arterial

current towards the heart, causing rapid recession of the ar-

terial line. This centripetal flow with arterial fall is duly

checked by the closure of the aortic valves, and the rebound

of the blood completes a third wave. Thus is formed the

second line of recession and third or aortic wave of the pulse.
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(This wave is in fact a double wave, the division arising from

the shock of closure and rebound of the blood.) After this

the pulse gradually recedes by the arterial emptying towards

the capillaries, and the descending line is thrown into a

series of indistinct wavelets, which, if legibly traced, would

probably give one for the ventricular filling, one each for au-

ricular contraction and impulsion, and one for the first phase

of ventricular contraction, these influences of course trans-

mitted to the closed aorta.

Correspondences between the Phases of Cardiac and Arterial

Movements.

The arterial line is yet declining when the cardiac ascent

begins. This is demonstrated in the tracings in that B,

which marks the basal point of the heart trace, cuts the

pulse trace at a considerable distance anterior to C, the

basal point of the latter. It is known that the time occu-

pied by the transmission of the pulse-wave from the aortic

orifice to the carotid point is only a small part of the time

represented by the distance B' C. (The division is indicated

by the dotted line between B' and C)
The high point of the cardiac trace corresponds closely

with the basal point of the arterial. This also is demon-

strated in the tracings. The distance Bb\°, found to equal

the distance B' C minus the small distance representing the

transit time. Next the arterial line ascends while the cardiac

descends, and there is more or less correspondence between

the arterial summit and cardiac depression c. The first

arterial depression and second wave of the pulse correspond

with the remaining part, cde, of cardiac systole. The inter-

mediate cardiac wave d fails to appear in the pulse trace for

the reason, probably, that as it is merely a small reflected

wave in the heart, its second reflection in the pulse is not

apparent. The renewed contraction of the heart would raise

a corresponding arterial wave, the second wave of the pulse.

This correspondence is shown by the relation of the lines



66 SPHYGMOGRAPHY.

EE' to these phases, respectively. After this correspon-

dences are no longer distinctly' traced ; for although the

second arterial notch plainly marks the closure of the aortic

valves, this event, as before stated, is not shown in the

rapidly falling diastolic line of the heart, and, as previously

remarked, the waves of ventricular filling, auricular con-

traction, auricular impulsion, and initial phase of ventricular

contraction, all indicated in the cardiac trace, have but faint

and uncertain correspondences in the arterial.

Taking the rise of the pulse as its beginning, the cardiac

systolic phase is shorter than the cardiac systole, and the

cardiac diastolic phase is longer than the cardiac diastole, in

either case by so much as the pertaining presphygmic

interval.

It is proper to state that the correspondence between the

end of ventricular systole and the acme of the second wave

of the pulse, although complete in this showing, is liable in

other instances to be less exact ; the default, however, is

never sufficient in freqoiency or extent to raise a doubt as to

the correlation between these events. It sometimes hap-

pens that the second pulse-wave attains its point before the

end of systole is accomplished, as if the ventricle expelled

its blood and then held its contraction a moment longer.

On the other hand, it would seem that the ventricle some^

times changes from systole to diastole before its emptying is

completed, and the second wave is sent forward a little de-

layed on the systolic ending.

Other Demonstrations.

The illustration before us is a true map,,in which are cor-

rectly shown all the facts of the cardiac and arterial cycles

here inscribed, their characters, phases, and relations to each

other, and in which the chronometry of the events recorded

are shown with mathematical precision.

In addition to phenomena already considered, we instance

the following showings of durations

:
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First cardiac cycle, .863 second ; systole, .323 ; diastole, .540.
Second cardiac cycle, .837 second ; systole, .323 ; diastole, .514.
First cardio-carotid interval, .0909= i-ii second.
Second cardio-carotid interval, .0909= i-ii second.
First ventricular presphygmic interval, .0555 = 1-18 second.
Second ventricular presphygmic interval, .0555 = l—18 second.
First cardiac systolic phase of pulse, .268 second ; cardiac diastolic phase,

•595 second.

Second cardiac systolic pha.se of pulse, .268 second ; cardiac diastolic phase,

.569 second.

The duration of the presphygmic interval was approxi-

mately determined in the following way : The carotid-

femoral interval in the same subject had previously been

ascertained to be .0909 second (unusually long), and on the

basis of this the transit interval between the heart and

carotid was calculated at .0354 second, and the latter de-

ducted from the cardio-carotid time, difference .0909 second,

gave .0555 as the presphygmic interval. The near accuracy

of the result so obtained will be apparent when it is con-

sidered how closely alike, except in lengths, are the arterial

tracts concerned, and that such similarity would insure uni-

formity in the rate of propagation of the pulse-wave, and

then with correct measurement of the arterial distances and

correct observation of the carotid-femoral interval, there

could be no room for material error in the estimation of the

cardio-carotid transit interval.

Another point is the precedence of the auricular to ven-

tricular systole. Measuring from the beginning of the first

wave, the interval is about two tenths of a second, and from

the beginning of the last wave, about one tenth of a second.

The last wave is that which is usually assigned as answering^

to auricular systole ; but plainly enough this is too close to

the systole oi the ventricle to include the beginning of

auricular contraction, while the first wave is in proper posi-

tion to mark this event, and the second wave is properly

located for marking the event of auricular impulsion.

In accordance with the foregoing views and demonstra-

tions, as well as "proven by numerous careful experiments

not here recorded, the cardiac and arterial movements and

cardio-arterial time-differences are expressed in the graphic

lines of the pulsations as follows :



68 SPHYGMOGRAPHY.

Of the heart, the initial force of systole (ventricular) is

indicated by the height of the main ascent. The quickness

of systole by the steepness of the main ascent. The sus-

tentation of systole by the relative height, as respects

the first summit, of the point of systolic ending. The

duration of systole by the horizontal distance between

successive points of systolic beginning and ending. The
duration of ventricular diastole, obviously, by the horizontal

distance between successive points of systolic ending and

beginning. And the duration of the cardiac cycle by the

horizontal distance, preferably, between successive systolic

beginnings. Of all these phases and qualities of the heart's

pulsation, except the initial force of systole, the graphic

lines are true indices without qualification. Regarding the

exception, the height of the main ascent is much influenced

by other conditions besides the force of systole, as the rela-

tion of the heart to the chest-wall, the width and thickness

of covering of the intercostal spaces, the position of the

subject, all of which in different cases so modify the ampli-

tude of the traces that the height of the upstroke can only

be received as an index of systolic energy when other things

are known to be equal. Thus the index may be of value in

the same individual, but for purposes of comparison between

different individuals it must be held of little significance.

The auricles, so far as admissible in view of their position,

express their energy of systole by the height of the auricu-

lar waves, and their time of systole by the distance between

the auricular and ventricular rises.

Of the pulse, the amplitude is shown by the height of the

major ascent. The quickness by the steepness of the major

ascent. The tension by the relative height and horizontal

distance of the second wave and aortic notch from the

basal point. The dicrotism by the height of the aortic

wave. The duration or frequency by the distance between

successive basal points. The duration of the cardiac systolic

and cardiac diastolic portions by the horizontal distances

measuring these divisions. All these qualities of the pulse
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are thus accurately shown, only in estimating the amplitude

by the height of the main ascent regard must be had for

the thickness of the tissues over the artery ; for plainly

of two arteries of the same calibre and movement the more

superficial one will afford the higher trace.

Of the cardio-arterial time-differences, these are shown by

the difference in distance, from synchronous signals, of the

cardiac and arterial basal points, respectively (the synchron-

ous signals are the lines crossing the traces, made by the

levers with the recording slide at rest as before described).

Thus the cardio-carotid time-differences may be found to

measure one twelfth of a second, the cardio-radial one sixth

of a second, and the cardio-dorsalis pedis one fourth of a

second ; or, whatever the interval at the moment of observa-

tion between the pulsation of the heart and that of any

artery, this differential distance mathematically expresses it.

In further illustration of this subject, and to show varia-

tions of form and chronometry of the cardiac and arterial

movements in health, tracings from three other individuals

are produced. They are in facsimile and with the original

or enlarged representation just considered were all taken

with the compound sphygmograph.

Nos. II. and III. are respectively from young men each

twenty years of age. No. IV. is from a man aged fifty-four

years ; the first part at rest, the last part immediately after

active exercise.

in :n j
i.waH
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bnstration of these statements the accompanying figures

of traces are given.

Fig. 12 shows the carotid, negative and positive. Fig. 13

Fig. 12.

Fig. 13.

Fig. 14.

Fig. 15.

shows the radial, positive and negative. Fig. 14 shows the

dorsahs pedis, positive and negative. And Fig. 15 shows
the same carotid, positive and negative, taken simultaneously.
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These traces speak for themselves ; with regard, however,

to Fig. 15, a word of explanation may be added. To obtain

the two kinds of traces from the same carotid simultaneously

required a particular adjustment of the explorers, which was

found only after repeated trials. The vertical lines cutting

the traces were made by the writing levers respectively, with

the slide at rest ; and, cutting the traces as they do, they

demonstrate the exact synchronism between the negative

and positive pulses.

Mechanism of the Negative Arterial Pulse.

The mode of production of the negative arterial trace has

been a puzzling problem, but it is believed now its solu-

tion is found in the locomotion of the arteries. With each

cardiac systole, the arteries, in addition to expansile move-

ments, rise en masse from their beds, and with each cardiac

diastole, they, in addition to retractile movements, fall back

to their beds. This change of place must occasion a pushing

out of the tissues over the spot towards which the artery

moves, and a simultaneous drawing in of the tissues over the

spot from which it moves. The locomotion will be in the di-

rection of least resistance, and in the case of superficial arteries

is likely to be to one side as well as forwards. If a visible

superficial pulse, notably the radial, be watched, the artery

appears to roll to one side in systole and fall back in diastole;

the contiguous integuments simultaneously rising at one spot

and falling at another.

Now, if the explorer be placed fairly over the artery, it

receives the force of the locomotion as well as the expansion,

and so is pushed up in systole, causing to be registered the

positive arterial pulse ; whereas, if the explorer be placed by
the side of the artery over the spot from which the latter

moves in systole, it is affected by an aspiration, and so is

drawn down in systole, causing to be registered the negative

arterial pulse. Moreover, impingement of the instrument

in this situation tends to facilitate the arterial displacement.
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The positive trace falls in diastole in consequence of empty-

ing and retreat of the artery, while the negative rises in

diastole in consequence of return of the artery to its apposi-

tion with the explorer. The secondary waves of the nega^

tive traces are the same as in the positive, because the

delicate contact of the explorer is sufficient to receive their

impression as transmitted along the artery ; and the small,

diastolic waves are more distinct in the negative because the

lighter pressure is more favorable for their reflection, the

pressure in the case of the positive trace almost, if not

quite, obliterating the arterial lumen in diastole. Also,

for the same reason (lighter compression of the artery),'

the respiratory undulations are more marked in the negative

line.

The characteristics given unmistakably st^mp the trace

under consideration as of arterial origin. The negative

venous trace, where obtainable, differs essentially from this

in form and in chronometry ; besides the vein would be

effectively collapsed by the pressure employed to develop

this trace.

The demonstration of the negative arterial pulse adds an

interesting fact to our knowledge of the physiology of the

pulsations, and one whose utility is already apparent, in that

its recognition will relieve the study of the negative venous

pulse from a source of confusion in fact seriously encoun-

tered.

The Negative Cardiac Trace.

This is a proper place to allude to the negative trace of

the pulsations of the heart, a phenomenon already recog-

nized, but whose explanation has not been entirely satisfac-

tory.

The negative cardiac trace is usually of less amplitude

than the positive, although in some cases it equals or even

exceeds it, and in some again only the negative c^ be ob-

tained. Its main descent begins synchronously with the

main ascent of the positive, and it marks the same duration
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of systole and diastole ; the secondary waves also corre-

spond in number and position with those of the positive.

Fig. i6 shows simultaneous traces of the same heart, taken

both positively and negatively. The vertical lines show the

synchronism between the traces.

Fig. i6.

With regard to the mechanism of production, it is believed

it is similar to that of the negative arterial—namely, by a

rhythmical locomotion of the organ. With a certain posi-

tion of the explorer the heart glides or rolls from under it in

systole and returns to it in diastole, causing the negative

trace ; whereas, when the explorer is placed fairly over the

spot of greatest positive impulse the heart presses it in sys-

tole and remits the pressure in diastole, causing the positive

trace. Cardiac aspiration from reduction of volume, although

conceivable as a possible factor, does not of itself afford a suf-

ficient explanation, for cardiac reduction of volume can only

begin a notable time after the beginning of systole, whereas

the negative cardiac trace begins, as demonstrated, synchron-

ously with systole.

Dr. S. E. Post, after conversion from the theory of venous

to that of arterial origin of this trace, has divined and

pointed out the agency in its production of " direct impact

against the frame instead of against the diaphragm of the

explorer." * There can be no question that such " frame-

impact " is capable of causing the diaphragm to descend in

systole and ascend in diastole, and of reflecting in inverted

relation all the details of the arterial pulse.

* Archives of Medicine, February, 1884.
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Th& Presphygmic Interval.

The experimental proof that a cardiogram taken from the

chest-wall represents the phases of the cardiac revolution,

and that the basal point of the main ascent marks the begin-

ning of cardiac systole, has been furnished by Marey in one

of his celebrated experiments upon the horse. Simultaneous

inscriptions of the blood pressure in the interior of the right

ventricle, and of the heart's action against the chest-wall,

showed correspondence with each other in the essential

points, and exact synchronism in the beginning of the two

up-strokes. Marey also demonstrated, in an experiment of

his series on the horse, that the two ventricles begin to con-

tract precisely at the same time ; and in another he states

that he has never observed default of synchronism between

the two ventricles. Thus we are prepared to accept the car-

diograms obtained from the chest-wall of man as correct rep-

resentations of the movements of the human heart, and ac-

cept the basal point of the main ascending line as marking the

beginning of ventricular systole. In yet another experiment

of Marey's series on the horse, one sound was lodged in the

left ventricle, and another in the aorta just above the valves.

The inscriptions thus obtained showed that the blood pres-

sure in the ventricle began to rise a notable time before the

beginning of the rise in the aorta. The interval between

these beginnings represents the time elapsing after the ven-

tricle begins to contract until the aortic valves open and the

blood begins to escape into the artery. This is the presphyg-

mic portion of the systole of the ventricle, or the Presphyg-

mic interval, as it may be termed,—the syspasis of A. H.

Garrod.*

As it has been proved that the pulse-wave rises later in an

artery removed from the heart, evidently observations be-

tween the heart and an arterial point beyond the root of the

aorta will give a time difference made up of the presphygmic

interval and the time required for the pulse-wave to travel

* Proc. Royal Sociely, No. 157, 1875, p. 144.
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from the aortic orifice to the point designated, the transit

time of the pulse wave.

To determine the duration of the presphygmic interval in

man, simultaneous tracings of the heart and carotid pulse

are obtained with an accompanying chronogram, or in the

presence of a known velocity of the surface receiving the in-

scriptions, and the time difference thus ascertained is noted.

Next, the transit time between the aortic orifice and carotid

point is determined. The latter time deducted from the

former gives the presphygmic interval.

The duration of the heart-carotid interval in man has been

investigated. Czermak,* in 1864, by means of his photo-

sphygmograph, measured the interval at .087 second. Mosso.f

by means of a cardiograph for the heart and a tambour de-

vise for the carotid pulse, measured the interval at between

ten and eleven hundredths of a second.

The author has made a very large number of observations

and measurements of the heart-carotid interval with the fol-

lowing results :

1. That the interval is subject to considerable variation in

the same individual, and in different individuals compared

with each other.—See Figs. 18, 19, 20.

2. That the interval varies inversely with the pulse rate,

directly with the pulse duration.—See Figs. 18, 20, 21—all

from the same person.

3. That the average duration of the interval with pulse at 75

to the minute, four fifths of a second long, is about .08 second.

According to these data, a pulse of 60, one second long,

will give the interval one tenth of a second, and the rule

may be formulated that the average cardio-carotid interval is

one tenth the duration of the pertaining pulsation. This

rule is approximate only, for the interval varies from other

factors besides pulse frequency; nevertheless, it will be found

of practical value in determining approximately what should

be a standard time difference for a given pulse rate.

* Med. Chir. Rev., January-April, 1865.

f
" Die Diagnostilc des Pulses," Leipzig, 1879, p. 45.
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Accepting, then, .08 as a standard heart-carotid interval

in health, with a pulse at 75 per minute in pursuance of our

investigation, we now seek a standard transit time of the

pulse-wave over the arterial tract included. As the aortic

root is not accessible for observation in man, obviously the

desired data must be arrived at indirectly. This is the

method : The velocity of the pulse-waves over other arterial

tracts is ascertained, and if these are found to differ, the

velocity over the arterial tract most nearly corresponding

with that between the aortic root and carotid point is

selected as the basis for computing the cardio-carotid transit

time.

If any trustworthy observations could be found on the

velocity of the pulse-wave along different portions of the

arterial tree, they would be presented here. In default of

such findings, recourse has been had to personal experi-

ments which have demonstrated the following facts :

The mean average velocity of the pulse-wave from the

carotid point to the dorsalis pedis is 361 inches per second;

from the carotid to the radial 290 inches per second ; from

the carotid to the femoral 269 inches per second ; from the

femoral to the dorsalis pedis 464 inches per second.

Thus the pulse-wave velocity over different arterial tracts

is shown to vary in an important sense. The tract between

the carotid and femoral is most closely allied to the tract

between the aortic root and carotid ; the similarity, indeed,

is very intimate ; accordingly, we utilize for our purpose the

carotid-femoral pulse-wave velocity.

The measurement of the arterial length between the

aortic root and carotid point is placed at 7 inches. Hence

Tj-^=.026 second expresses the duration of the interval

sought.

The pulse-wave velocity, as has been determined, though

differing considerably in different individuals, in the same

individual is subject only to a limited variation, even under

considerable changes of the circulation, and variations of

pulse frequency exert upon it no appreciable disturbance.
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(The latter fact has also been demonstrated by Garrod.)

Therefore, for the short distance of 7 inches, .026 second

may stand as an approximate quantity to express the cardio-

carotid transit interval for any pulse rate or order of con-

ditions, aortic aneurism alone excepted.

These data give the formula : Cardio-carotid interval, with

pulse at 75> -O^ second, less the cardio-carotid transit interval

.026 second, equals the presphygmic interval .054 second.

Then, in any case, physiological or cHnical, aneurism within

the included tract excepted, to find the presphygmic interval

it is only required to find the heart-carotid interval and de-

duct from it .026 second.

But, inasmuch as the presphygmic varies largely, and the

transit for the short arterial length in question inappreciably

(aneurism excepted), the cardio-carotid interval practically

represents the presphygmic.

Garrod, studying this subject from a basis of experimental

observation of the cardiac and radial pulsations, arrived at

the theoretical conclusions that the cardiac systole varies

inversely as the square root of the pulse rate, and the cardiac

systolic portion of the pulse varies inversely as the cube root

of the pulse rate ; the operations of these rules being to re-

duce rapidly the presphygmic interval as the pulse increases

in frequency, and at 170 to render it nil. Garrod's results

from his equations make the presphygmic intervals much
shorter throughout, and the rate of reduction more rapid

than the author's.

Observations do not, as yet, permit the determination of

the limit of pulse frequency on the one hand, and of in-

frequency on the other, at which the cardio-carotid interval

ceases to vary, as enunciated, inversely with the pulse rate

:

between 120 and 60 it is quite sure the rule holds; beyond

these there appears to be uncertainty.

By the rule of reduction the presphygmic interval would

become nil at 230, and at 180 it would be TjVir o^ ^ second
;

yet it is scarcely possible that it should become nil even if

the former rate could be reached, and the probability is that
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the shortest permissible interval would exceed that just

mentioned.

The variations of the presphygmic interval will bear fur-

ther elaboration. It often varies in the same healthy per-

son at the same sitting with the same pulse rate ; but the

range under such circumstances is limited. The explanation

of this variation is found in the incessant minor changes in

the manner of the heart's movements and relative changes

of blood pressure in the ventricle and aorta : at one systole

the contraction is quicker, shortening the interval ; at

another, it is slower, lengthening the interval ; at one ven-

tricular discharge the arterial pressure is higher, delaying

the opening of the valves ; at another it is lower, precipitat-

ing the opening of the valves. The reality of these inces-

sant changes is exemplified in the cardiac rhythmic changes

taking place,—changes in successive pulsations and succes-

sive systoles and diastoles in hearts whose action appeared

the most regular.

The interval varies more notably in different healthy in-

dividuals with the same pulse rate. This fact finds its ex-

planation in individual characteristics, the same as a pulse

rate, or pulse form, or quality of the heart's action, peculiar

to different persons.

But as before presented the great variations are co-relative

with the variations of pulse rate. A difference of a few beats

per minute may not cause a difference of interval sufificient

for certain measurement by present means
;

yet, other

things being equal, it is probable that any change of pulse

frequency changes the presphygmic interval. A variation

of ten per minute will almost always show a notable differ-

ence in the interval. (See Fig. 20.)

This correspondence between the presphygmic interval

and the rate of the pulse is an interesting and significant

fact, and one of a distinctive group we had never known but

for the precision of the graphic method. In explanation,

the interval shortens as the pulsations shorten, because : (i)

The abbreviation of the cardiac pulsation tends to abbreviate
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all its component parts. The length of diastole is markedly

diminished as the pulse rate is increased, and the length of

systole, although not so regularly corresponding as diastole

to moderate variations of pulse rhythm, nevertheless, is

found shorter in frequent than in infrequent pulses. The
presphygmic interval, being a component part of the cardiac

pulsation, is natui-ally proportional to its duration. (2) In

frequent pulsations the cardiac musfle contracts quicker, and

more rapidly raises the ventricular blood pressure to the

point of forcing the aortic valves. (3) The accelerated

blood current in its passage through the heart, with the

usually free passage through the capillaries, constantly tends

to surcharge the ventricle and deplete the arteries, thus

favoring the earlier opening of the valves.

Explanation of Plates.

The space between the lines B C shows the difference of distance between

the basal points of the respective piilsations and the signal lines A A; the fig-

ures near express the value of this difference in fractions of a second as meas-

ured on the chronogram below. The figures placed above a pulsation indicate

its rate per minute. In Figs. 20 and 2i time differences are expressed by

figures placed below the distal basal point without indicatory lines. In Figs.

1 8 and 19 the tracings are by reversal of the bases to prove the accuracy of the

instrument. Other features are self-explanatory.



CHAPTER III.

pulse-Wave velocity.

An Experimental Inquiry into the Causes of the Variatiotis

of Pulse-Wave Velocity.

" In every truth there is utility, either at hand or among the certainties of the

future."

—

Paget.

OUR knowledge of velocity of the pulse-wave has all

been acquired within a comparatively recent period,

and still later are our acquisitions in regard to the interval

between the beginning of ventricular systole and rise of the

aortic pulse. Previous to the present investigation, it had

been determined that the pulse-wave velocity and duration of

the cardio-aortic interval were both subject to variations, but

the real causes of the variations remained to be determined

by experimental inquiry and observation.

The experiments were made with the author's apparatus

for simultaneous inscriptions, which, as known, differs from

Marey's, notably in transmitting by water instead of air.

This mechanism, on account of convenience and accuracy,

was found admirably adapted to the work in hand. Also

the author's accustomed method was followed in the meas-

urements of the time intervals, and preparation of the slides

for illustration.

Whilst the movements were being written, the chrono-

graph also wrote the time in fifths of seconds. Immediately

after an experiment, the slide was repassed, and while halted

at selected points, the levers, by manipulating the membrane
or tube of the explorers, were made to describe their curves

83
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across the line of traces
; and it was usually arranged so that

the proximal lever would cross at or near the beginning of

the waves, in order to simplify the measurements and render

the time-relations more apparent to the eye. These lines

are synchronous signals cutting the traces at the same instant,

and always indicate the exact 'time-relation to each other of

the movements recorded.

The measurements were carefully made on the slides, by

means of a transparent isinglass scale, ruled in i-icx)ths of

an inch. With this measure and the chronogram, and a

magnifying glass, it was easy to compute the time in fine

fractions of a second. This was done and the results written

on the slides.

The engravings are faithful reproductions throughout.

The lines were pkotographed on wood, using the glass slides

as negatives, and then the engraver, with great care and

skill, followed the lines without deviation. So perfect is this

work, that the fine measurements made on the glasses are

found to hold good in the reproductions.

The schema employed was very simple, yet satisfactory in

its workings. (Sqe diagram.) The tube or system conduct-

ing the liquid waves connected at either end with one of the

horizontal limbs of a hollow T piece. The opposite limb of

the proximal T connected with a tube twelve inches long,

leading to the egress neck of an elastic bulb or pump. The
ingress neck of the pump connected with a tube of conve-

nient length leading to a reservoir. . The opposite limb of the

distal T connected with a flexible tube, three feet long, pro-

vided with a stop-cock one foot from its outer end, and com-

municating near its middle with a water manometer gradu-

ated in inches. The vertical limbs of the T's communicated

with the transmission tubes of the recording apparatus,

through the media of circular chambers, each divided trans-

versely by a delicate elastic diaphragm ; said receptacles being

substituted for the ordinary explorers, and here termed " re-

ceivers."

Thus the reservoirs supplied the liquid ; the pump sent



Fig. 22.

—

Diagram of Schema,
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waves along the conduits ; the stop-cock regulated the dis-

charge; the manometer measured the pressure ; the T pieces

and receivers permitted the waves to act directly upon the

recording mechanism, and the latter registered their form

and time as they manifested at the points of observation. The

exit tube could be placed to discharge again into the reser-

voir, or a separate vessel. The pressure could be raised to any

height by working the pump with the exit stop-cock closed,

or partially so. A current as swift as desired could be created

through the tubes by elevating the reservoir and opening

the exit tube placed to discharge at a lower level. Different

conduit tubes could readily be placed between the T pieces.

The form of the waves could easily be varied by the manner of

working the pump. The conditions could be changed at will,

and the graphic apparatus would faithfully record the results.

It will be observed that the experiments on liquid waves in

elastic tubes differ from Marey's and others—first, in the char-

acter of the graphic apparatus ; second, in transmitting the

waves directly from the interior of the schema ; and third, in

the close showings and estimates of the time intervals and

wave velocities as manifesting under a variety of conditions.

These experiments were essential to the success and com-

pleteness of results aimed at in the investigation ; and, as

will be seen, the results, when comparable with those of other

experimenters, are sometimes confirmatory, other times con-

tradictory.

Problem i.—To determine the influence of tubes of differ-

ent degrees of stiffness or elasticity on the velocity of the

liquid waves sent along their interior.

First Experiment.—A glass tube, three-sixteenth inch bore,

and six feet long, bent in cr form, was placed in communi-

cation with the two T's of the schema. The water in the

reservoir was at such level that the pressure in the tube

measured four inches by the manometer. The exit stop-

cock was open, and the pump worked rhythmically by the

hand with medium quickness and force. The graphic ap-

paratus in order, with smoked glass in position and chrono-
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graph running, the carriage was started, and traces of the

waves simultaneously obtained from the two points. Im-

mediately the carriage holding the slide was passed through

again, halting it where the upper level would be opposite,

or nearly, the beginning points of the proximal waves, and

then striking both levers across the line of the traces.

These lines made by the levers serve to indicate the distance

between the beginnings of the proximal and distal waves,

and this distance measured* on the corresponding part of

the chronogram gives the time difference between them.

In this experiment. Fig. 23 shows the result. The retarda-

tion of the distal waves on the proximal is seen to be

extremely short. It seems to measure about i^ hundredths

Fig. 23.

—

Glass Tube, ^ Inch Bore, 6 Feet Long ; Interval Measured
AT jV Second.

of an inch, while the fifths of seconds measure 1 1 hun-

dredths, which would give a time difference of -^^ second,

and a wave velocity over the six feet of distance of 216 feet

per second.

Second Experiment.—A thick, firm rubber tube of the same

bore and length was substituted for the glass, and the experi-

ment under all other conditions conducted precisely as

in the preceding. The result is shown in Fig. 24. The

measurement is placed at ^ of -^ = ttt second, and which

gives a wave velocity of 165 feet per second.

* Measurements are readily made by hair dividers and a hundredths inch

scale, but more conveniently st01 by the use of a transparent scale of fine

divisions.
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Fig. 24.—Stiff Rubber Tube, -fg Inch Bore, 6 Feet Long ; Interval

2^ Second.

Third Experiment.—A softer and more yielding tube of

the same bore and length was employed. Fig. 25 shows the

result. Formula, -j^g- of -^ = ^ s£Cond ; wave velocity 72
feet per second.

Fig. 25.

—

Ordinary Rubber Tube, ^\ Inch Bore, 6 Feet Long ; Interval

iV Second.

Fourth Experiment.—A lighter tube than last, \ inch bore

and same length, employed. Result irj Fig. 26. Formula

T5 "f T = ¥V second ; wave velocity 5 1 feet per second.

Fig. 26.—Lighter Tube, | Inch Bore, 6 FeetLong ; Interval g^j Second.
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Fifth Experiment.—A tube of last description was made
very soft and lax, and expanded to -^ inch bore, by steep-

ing in gasoline, and then put in experiment. The first pair

of waves of Fig. 27, traced under parallel conditions with

the others, shows the result. Formula, ^^ of f = -^:^ second
;

wave velocity 31 feet per second.

Fig. 27.

—

Tube Softened in Gasoline, -^^ Inch Bore, 6 Feet Long ; in-

terval y:^ Second.

Sixth Experiment.—Not being able to find in the market
tubes of the thinness desired, one was prepared from a strip

of delicate rubber cloth, by cementing the edges. This

tube, -^ inch bore and 2 feet long, placed in experiment,

gave Fig. 28 as result. Formula, time difference -^ second

for 2 feet, would make -^ second for 6 feet ; wave velocity

28 feet per second.

Fig. 28.

—

Thin Rubber Tube, y% Inch Bore, 2 Feet Long ; Interval -^

Second for 2 Feet.
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Seventh Experiment.—A chicken's intestine, averaging 4-

inch diameter and 2 feet long, placed in experimentj gave

Fig. 29. Time difference \ second for 2 feet equal to \ sec-

ond for 6 feet ; wave velocity 16 feet per second.

Fig. 29.

—

Chicken's Intestines, Average J Inch Diameter, 2 Feet Long
Int. \. Sec. = | Sec. for 6 Feet.

Eighth experiment.—A calf's aorta, averaging ^ inch di-

ameter, and 18 inches long, vsrith the branches tied, gave Fig.

30. Time difference -^, or -^-^ second for i^ feet, equal to

^ second for 6 feet; wave velocity 12.75 ^^^^ P^*" second.

This arterial tube was very soft and elastic, but ^apparently

firmer than the chicken's intestine. We shall see further on

that size of tube is an important factor of modification.

Fig. 30.

—

Calf's Aorta, Average \ Inch Diameter, \\ Feet Long ; Int.

5^ Sec, jfj Sec. for 6 Feet.

These experiments demonstrate in a specific manner, that

the velocity of liquid waves in elastic tubes is proportional

directly to the stiffness, inversely to the elasticity of the tube
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traversed. And as bearing upon the rate of pulse propa-

gation in living arteries, they indicate the important modify-

ing influence which the state of the arterial walls as to stiff-

ness or elasticity must exert upon the same. In the next

chapter will be given actual verifications from man of a posi-

tive ratio between the velocity of the pulse-wave and degree

of arterial stiffness.

Problem 2.—To determine whether the velocity of liquid

waves in the interior of elastic tubes is modified by the mode
of impulsion.

Experiments.—Under stated conditions whilst tracings

were bejng taken, the pump for one part of the run was

worked with quick, and for another part with slow, impul-

sion. Different tubes were employed and tracings taken at

various pressures, and many experiments made, but always

with the same negative result. Fig. 31 was taken with the

chicken gut, before described, at 10 inches pressure. The

time difference measures the same, viz. : -^ second, under the

opposite modes of impulsion. Another illustration of this

fact is shown in Fig. 33.

Fig. 31.

—

Chicken Gut, Showing Negative Effect of Opposite Modes
OF Impulsion.

This negative result was unlocked for, and is at variance

with observations announced by Marey. Nevertheless, in

view of numerous and varied and carefully conducted

experiments, to the end of testing this point, we are com-

pelled to accept the fact as shown and stated.
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Obviously the fact teaches that the rate of pulse propaga-

tion is not modified directly by the manner of the heart's

action ; whether it beats quick, launching a sharp, wave, or

slow, sending a sloping wave, the pulse-wave velocity along

the arteries is all the same.

Problem 3.—^To determine whether the velocity of liquid

waves in the interior of elastic tubes is modified by the size

of the tube.

It was first sought to solve this problem by the use of or-

dinary elastic tubing found in the shops, and so a tube | inch

bore and 6 feet long was put in experiment to obtain re-

sults comparable with those of Fig. 25. Fig. 32 was ob-

tained. The time difference is -^ second.

Fig. 32.—TuBEf Inch, 6 Feet Long; Int. j'^Sec. Compares with Fig. 25.

But this experiment and result are not .sufficiently con-

clusive, inasmuch as the larger tube was notably stifler than

the smaller, and this quality, as we have seen, would of it-

self cause a swifter propagation of the waves. However, as

the time intervals in the two tubes were the same, the speed-

ing effect of stiffer walls must have been counterbalanced

by a slowing effect of larger size.

To more successfully test the point, it was necessary to

experiment with tubes of different diameters, but of the

same thinness and elasticity. Accordingly a tube one half

inch diameter and two feet long was prepared from the

same rubber cloth and in the same manner as the tube ^
inch diameter, which gave Fig. 28. An experiment with



PUJLSE-WAVE VELOCITY. 93

this tube gave Fig. 33, in which the time difference is \
second.

Fig. 33.

—

Thin Tube J Inch Diamei^r, z Feet Long ; Int.
-J

Sec. Com"
PARES WITH Fig. 28.

It will be noticed that the interval in Fig. 28 is -jJ^ second,

so this comparative experiment shows that wave propagation

is slower in larger and faster in smaller tubes. Compare also

Figs. 35 and 36. To the same end Figs. 29 and 30 may also

be compared, for, although the gut was laxer than the artery,

the fact that the latter gave a slower rate of transmission

shows the result was due alone to the larger size.

From this positive result we learn that, other things being

equal, the pulse-wave travels slower along larger and faster

along small arteries.

Problem 4.—To determine whether the velocity of liquid

waves in elastic tubes is modified by a longer or shorter dis-

tance from the pump.

For this solution the receivers were placed on a continua-

tion of the -^ inch rubber tube, each six feet further from

their original positions, and the waves traced at this remoter

distance under like conditions as obtained in the production

of Fig. 25.

Fig. 34 shows the result—time difference
-j-V

second, the

same as in Fig. 25, which represents the nearer distance.

However, it appears that the points of the waves are slightly

further removed from the beginnings as the distance from

the pump increases.
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Fig. 34.

—

Longer Distance from Pump ; Int. ^ Sec. Compares with

Fig. 25.

We are informed through this experiment that distance

from the heart neither accelerates nor retards the velocity of

the beginnings of pulse-waves.

Problem 5.—To determine the influence of different pres-

sures on the velocity of liquid waves in elastic tubes.

First Experiment.—Result shown in Fig. 27 where with

the softened tube the pressure was successively raised for

each wave traced, as shown in the figure. It will be ob-

served that the time difference is the same at 4, 30, 40, and

50 inches pressure, respectively.

SecondExperiment.—Result shown in Fig. 29, where with the

chicken gut, after the first waves taken at the usual four inches,

the pressure was successively raised as indicated. The result

here is seen to be positive, the time difference at 4 inches is

\ second, at 30 inches ylg- second, at 40 and 50 inches -^ second.

Fig. 35.—3.16 Inch Thin Tube, at Increasing Pressures; Showing

Negative Result.
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Third Experiment.—Thin rubber tube, -j^ inch, at differ-

ent pressures. Result in Fig. 35.

The showing is negative, the time difference running T¥
second throughout.

Fourth Experiment.—Thin ^inch rubber tube, at different

pressures. Fig. 36 gives the result.

Fig. 36.—1-2 Inch Thin Tube, at Different Pressures; Showing
Negative Result.

Showing again negative, the time difference measuring

uniformly \ second at 4, 20, and 30 inches pressure, while at

40 inches the interval is really a little longer.

Fifth Experiment.—The calf's aorta, before described, em-

ployed and traces taken at different pressures. Fig. 37
shows the result.

CMF'S AORTA z IN.X li Ft.

-fw;-v^ .0 '

'.'

Fig. 37.

—

Calf's Aorta, at Different Pressures: Showing Swifter
Velocity with Higher Pressure.
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Intervals respectively -^ second at 4 and 10 inches pres-

sure, ^ second at 20 inches pressure, -^-^ second at 30 inches

pressure, and -^ second at 40 inches pressure. Another

positive result.

Reviewing these experiments, it is shown the modifying

influence of different pressures is small at best, and requires

for development considerable difference of pressure in tubes

very soft and elastic. The thin rubber tubes, delicate as

they were, failed to make manifest any difference in velocity,

while the animal tubes, although with thicker parietes, really

more easily yielding, showed increased velocity coincident

with marked increase of pressure.

These results have an important relation to the question

of influence of blood pressure on pulse-wave velocity. They

indicate that variation of blood pressure tends to produce

variation of pulse-wave velocity directly as the pressure

;

but in such pressure changes as occur in the organism and

mixture of modifying agencies with which they act, it would

be expected, in view of these results, that such effect would

be of uncertain manifestation and slight when observed.

According to these experiments the current teaching on this

point requires modification.

Problem 6.—To determine whether the velocity of liquid

waves in elastic tubes is modified by rapidity of current

through the tubes.

Hitherto our experiments have been made with the liquid

at rest in the tubes, except as sent forwards at each impulsion of

the pump. To test the effect of a continuous current on the

velocity of waves implanted upon it, the reservoir was ele-

vated thirty-six inches (the supply tube lengthened accord-

ingly), and the distal tube left to discharge freely into a

vessel on the table below ; and, whilst thus the water was

flowing rapidly through the tube, the experiment was

made. Fig. 38 gives the result with the -^ inch 6 feet

elastic tube. The time difference, -^ second, is the same

as that of Fig. 25 given by the same tube with the liquid

at rest.
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Fig. 38.—3-16 Inch 6 Feet Tube, with a Current; Showing Negative

Effect.

Fig. 39 is the result of a parallel experiment with the ^
inch 2 feet thin rubber tube. This compares with Fig. 28,

given by the same tube with the liquid at rest. It will

be observed that the time differences are the same, viz.,

yij- second.

Fig. 39.

—

Thin 3-16 Inch 2 Feet Tube, under a Current; Showing
Negative Result.

Liquid waves, then, travel along elastic tubes with the same

speed, whether the liquid be at rest or freely flowing.

By this we may know that, whether the blood in the

arteries flows fast or slow, the velocity of the pulse-wave

is not affected.

Problem 7.—To determine whether the velocity of liquid

waves in elastic tubes is modified by branches issuing there-

from.
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Two rubber tubes, each
-J-
inch bore and 6 feet long, were

branched on the j\ inch 6 feet tube a few inches below the

upper receiver, their distal ends turned into the reservoir.

Traces of the waves were then taken with the result shown
in Fig. 40, which signals a negative effect.

KiG. 40.^Showing Negative Effect of Branches on Main Tube.

Again, the ^ inch 6 feet tube was branched on the chick-

en's intestine, and Fig. 41 obtained at 10 in. pressure, the

first part without, the second part with, comrnunication with

the branch. It will be seen that the effect is again negative,

the intervals measuring^ second under both conditions.

Fig. 41.

—

Chicken Gut, with Branch ; Showing Negative Effect.

In application of this experiment, in seeking to determine

the cause of different rates of pulse-propagation for differ-

ent articles, we may exclude as of no effect the different

conditions as to branches.



PULSE-WAVE VELOCITY. 99

Problem 8.—To determine whether the velocity of liquid

waves in elastic tubes is modified by the consistence of

the liquid.

A solution of boiled starch, as thick as would flow through

the tubes, was substituted for water, and experiments made

as with water. Fig. 42 shows the result with the ^ inch 6

feet tube, comparable with Fig. 25 ; and Fig. 43 shows the

result with the chicken gut, which is comparable with Fig.

29. Results negative.

Fig. 42.—^ Inch 6 Feet Tube, with Solution of Starch ; Negative

Result.

Fig. 43.

—

Chicken Gut, with Solution of Starch ;
Negative Result.

This fact teaches that whether the blood be dense or

watery, the pulse-wave velocity is all the same.

Problem 9.—To determine the effect of obstruction of the

tube on the time of the wave below the obstruction.

In Fig. 44, with the -^ inch thin tube, the waves were

traced first under the usual conditions, and then, whilst the

tube was compressed just below the upper receiver, and
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then again just above. The measurements are y>y second

with tube free, yt-t second with obstruction below, and ^
second with obstruction above, the receiver. These fairly

represent the results of many similar experiments. The

delay is small, but always discernible when the passage of

the liquid is greatly obstructed below the near receiver.

Obstruction above never causes delay. Also, we found the

same result when the obstruction was created by plugging

the tube so as to leave a very small aperture for passage" of

the liquid.

Fig. 44.

—

^ Inch Thin Tube ; Showing the Effect of Obstruction of

THE Tube.

From this experimentation we learn that waves are delayed

by great obstruction of the tube, and that the delay occurs

at the point of obstruction, and is not caused by lessening

of the rate of transmission below.

The bearing of these facts upon the influence of arterial

obstruction in modifying the time of the pulse-wave, is at

once apparent.

Problem 10.—To determine the effect of an elastic pouch

communicating with the tube, as an aneurism with an artery,

on the time of the wave below the pouch.

A thin rubber bag, easily distensible, was placed in relation

with the -f^ inch 6 feet tube, so that communication between

it and the tube could be opened or closed at will. Tracings

were then taken, first with the sac shut off, and next with
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the sac in free communication. Fig. 45 shows the result.

The retardation is sufficiently striking.

Fig. 45.—^ Inch 6 Feet Tube, with Elastic Pouch.

Next the pouch was placed in the same manner in relation

with the chicken gut, and the experiment proceeded with in

the same way. Fig. 46 shows the result, which is negative

as to delay.

Fig. 46.

—

Chicken Gut, with Elastic Pouch.

Again, the pouch was associated with the ^-^ inch thin

tube, and in continuity instead of by lateral communication
;

and to make the experiments strictly comparable a section

of the same tubing of the same length of the pouch was

interposed for the normal experiment, and that with the

pouch above the receiver. First, the pouch was placed

closely above the upper receiver and traces obtained shown
in the first part of Fig. 47 ; next, it was removed, and, the

original connection having been restored, the middle part

was obtained ; third, it was placed immediately below the
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receiver (the section of tube having been removed), and the

latter part obtained.

Fig. 47.

—

Thin ^^ Inch Tube, with Elastic Pouch in Different

Positions.

It will be noticed that the interval with the sac above

the receiver, and that under normal conditions,* without the

sac, measure the same ; while that with the sac below the

receiver is considerably longer.

In the iirst experiment the pouch was notably more dis-

tensible than the tube, and so absorbed the wave to the ex-

tent of delaying its time of appearance at the lower receiver

;

while in the second experiment the contrast in yieldingness

between the pouch and gut was not great, and so no retard-

ing effect was contributed.

The third experiment demonstrates that the wave-delay

incident to an elastic pouch begins and ends at the pouch,

and that the wave which passes through travels on with un-

diminished velocity. It shows also in connection with the

others that the retarding effect is more easily produced by

a sac in continuity than by one with lateral connection.

We appreciate the significance of these facts in their bear-

ing upon the subject of delay of the pulse produced by

aneurism.

* The longer normal interval than those before shown for the same tube is

attributed partly to the length of the tube having been increased by so much

as the sac and its connections would increase it, and partly to relaxation bf

the tube from use and soaking in water.
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Having thus experimentally investigated the problems

that seemed most pertinent to this branch of our subject,

and given somewhat in detail the experiments and results

relating thereto, the following resume of the facts arrived at

will now be in order

:

1. The velocity of liquid waves along the interior of elas-

tic tubes is proportional directly to the stiffness, inversely to

the elasticity, of the tube traversed.

2. It is not sensibly modified by the mode of impulsion, a

quick wave and a slow wave being transmitted along the

same tube in equal times.

3. It is proportional inversely to the largeness of the

tube.

4. It is not sensibly modified by different distances from

the pump.

5. It increases with increase of pressure of the liquid in

very soft yielding tubes, but in all other elastic tubes it

shows no modification.

6. It is not modified by rapidity of current through the

tube.

7. It is not modified by branches connected with the main

tube.

8. It is not modified by liquids of different consistence.

9. The distal wave is notably delayed by obstruction of

the tube, although its velocity of propagation is not appre-

ciably diminished thereby.

10. The distal wave is delayed by communication with an

elastic pouch more easily distensible than the tube; while if

the pouch and tube are nearly equally yielding, there is no

increased delay, yet the velocity of the distal wave is not

perceptibly diminished from this cause. Hence,

11. The increased delay of the distal wave in arterial ob-

struction and distensible pouch arises from arrest at the site

of obstruction and site of the yielding pouch.



CHAPTER IV.

PULSE-WAVE VELOCITY.—(C»«/««»?rf.)

Facts and New Experiments in Illiistration of the Variations

of Pulse-Wave Velocity in Man, and Bearing upon the

Elucidation of the Causes Which Produce Them.

THIS division of the subject we will .study under the

form of a series of propositions, and it is intended

that the facts brought forward to substantiate the propositions

stated shall also enlighten on the causes of the variations in

question.

Pulse- Wave Velocity.

Proposition i.—The velocity of the pulse wave along the

arteries increases with increase of age. This proposition has

already been proven by our previous researches. We ob-

served and measured the pulse-wave velocity in a child of

four and a half years, a man of twenty-five, and another of

fifty. In the first the general velocity was 216 inches per

S- YRS.
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tion, the accompanying figures representing new experi-

ments may be studied. Fig. 48 is from a child five years

old, and gives a carotid, posterior tibial interval of one-sev-

enth second ; his arterial length between the points of ob-

servation measured (approximately) 28 inches ; hence his

pulse-wave velocity was 196 inches per second.

Fig. 49 is from a boy nine years old ; carotid, posterior

tibial interval averaging two-thirteenth second, arterial dis-

tance 38 inches, velocity of pulse wave 247 inches per second.

Fig. 50 is from a man aged twenty-one years ; carotid,

posterior tibial interval one-seventh second ; arterial distance

50 inches ; velocity of pulse-wave 350 inches per second.

2/ YffS.

'

P. T/B. '

//vr If \f ^
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blood pressure would tend to diminish the rate ; and
(4)

thinner arterial coats would decidedly slow the velocity of

the pulse-wave. Of these factors of modification, it would

seem to be just to consider the smaller arteries and lower

blood pressure as about counterbalancing each other, and

then the thinner arterial coats would be left by the pro-

cess of exclusion as the efificient cause of the pulse retar-

dation in young children.

As between younger and older adults, it is plain that the

only principle which can be invoked in explanation of the

difference in pulse-wave velocity, is the increasing stiffening

of the arterial walls with the progress of age.

The point needs to be pressed no further ; the velocity of the

pulse-wave increases with age, in consequence of the progres-

sive stiffening of the eurteries as an effect of advancing years.

Proposition 2.—Arteries stiffened by atheromatous and

calcareous degeneration give a rapid pulse-wave velocity.

We have before published a case in which the arteries

were greatly hardened by degeneration, as found post mor-

tem, and in which the carotid, radial interval was measured

at -ji^ second.

Fig. 52 is from a woman aged sixty-five years, who had a

basic systolic murmur and a very rigid, knobby, radial artery,

that felt like a cord high up in the arm ; and who subse-

quently died from cerebral apoplexy, the result, undoubtedly,

of rupture af a degenerated intracranial artery. In these

traces the carotid-radial interval measures -^ second.
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These cases and intervals demonstrate the rapidity of

pulse-wave transmission along pathologically hardened

arteries ; and, in connection with the foregoing facts, afford

ample proof of the following proposition :

Proposition 3.—The velocity of the pulse-wave is directly

proportional to the stiffness of the arterial walls.

Proposition 4.—Variation of the pulse-wave velocity as the

result of variation of blood pressure is not easily made manifest.

For purposes of comparison the general blood pressure

may be reduced by bleeding, by the hot bath, by nitrite of

amyl, etc., and is found reduced in adynamia, and increased

notably in Bright's disease. We instance here, first, the hot-

bath experiment.

Fig. S3 shows tracings of the right carotid and left radial

Fig. 53.

pulses from a man aged thirty years, taken just before the

bath, and then while in the bath after marked modification

in the circulation had been effected.

Notwithstanding the great reduction of the blood pressure,

as indicated by the form of the traces and lower pressure,

by the manometric tube, at which the radial pulse was best

developed, the time intervals before and during the bath

were nearly equal, averaging under the first condition

about j'y second, and under the last about -^ second.

It was to be expected that such depression of the blood

pressure would have signalled a corresponding slowing of the
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pulse-wave velocity ; that it did not was probably owing to

the influence of compensating conditions. Thus the arterial

tube, in consequence of rapid escape of its contents through

the open capillaries into the veins, would diminish the cali-

bre, and, so contracting, thicken its walls. These changes

would expedite the transmission of the pulse-wave, and in

the case shown more than neutralize the impeding effect of

the lowered blood pressure.

The next illustration is from a well-grown boy, aged seven-

teen years, suffering from severe and protracted typhoid

fever complicated with mitral insufificiency. The traces

shown (Fig. 54) of the carotid and radial pulses were taken

Fig. 54.

on the thirty-sixth day, when adynamia was well-pro-

nounced, temperature 101°, and pulse to the fingers, frequent,

small, and very compressible. It will be observed that the

average time interval

—

-^ second—corresponds closely with

normal showings, notwithstanding the evident low blood-

pressure under which the experiment was made.

The default in this case may be explained as in the last

;

only the retarding effect of the extremely low blood-pressure

would be counterbalanced by the accelerating effect of arte-

rial tubes contracted to adapt themselves to contents lessened

by general anaemia as well as free capillary passage, to say

nothing of the inadequate arterial supply as an effect of the

mitral regurgitation present in the case.

The third illustration is furnished by the influence of

nitrite of amyl on pulse-wave transmission.
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^'^S- S5 '*' from the same man, who gave the traces (Fig.

53) of the hot-bath experiment. In this instance his left

carotid and right radial were taken, it being observed that

his right radial was more superficial and gave a better trace

than the left. When all was ready his standard was first

traced, as shown in the first part of the figure, then the

slide was halted, the explorers being kept in their positions

and the amyl inhaled until its peculiar effects were man-
ifest, when the slide was started again, and the experiment

finished.

The carotid-radial interval measures from 1^ to ^ second

before, and about -jij- second after, the inhalation.

• Fig. 55.

In this experiment vaso-motor paralysis would dominate

all other modifying factors, joining its retarding force to

that of induced lowered blood pressure, and antagonizing

reduction of arterial calibre, and so obviating or diminishing

the speeding effect that would otherwise ensue therefrom.

Continuing the researches on the influence of different

blood-pressures, we will next study the effect of variation

produced in certain arteries. The blood pressure in the

arteries of a limb is markedly depressed by elevation, and

elevated by depression of the limb. Accordingly if the two

radials, which normally are synchronous at the same level,

are traced with one arm considerably higher than the other,

the result will be instructive as to the influence on pulse

transmission of a suddenly lowered blood-pressure. Or the
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same end may be accomplished by tracing a carotid and

radial with the radial first depressed and then elevated, and

afterward comparing the intervals before and during the ele-

vation of the arm.

The experiment by one or the other method we have per-

formed many times, and usually with more or less retardation

of the elevated pulse, but sometimes without any difference.

Figs. 56 and 57, taken from different persons and by the two

methods mentioned, exemplify very common phases of result.

R. RADIAL RAISED.

L RADIAL DOWN.

Fig. 56.

Fig. 57.

The fact that the delay is often small and sometimes fails

to manifest under conditions of such revulsion of blood

pressure leads us to seek, and, we believe, to find the ex-

planation of the variable effect of the experiment in behavior

of the arterial coats. When delay is great the coats are left
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relaxed after retreat of the blood ; on the contrary, when the

delay is slight or nil, the coats contract as the contents depart.

The change from standing to lying with trunk and head

horizontal and lower limbs highly elevated, must cause a

very considerable augmentation of blood pressure in the

arteries of the upper extremities.

Fig. 58 is an example of the carotid and radial traced

under these opposite conditions.

Fig. 58.

The intervals are ^g- second standing and ^ second lying.

So we have here the paradoxical result of a slower pulse-

wave velocity following directly upon increase of blood

pressure. Can we explain the phenomenon ? The speeding

influence of increased pressure is antagonized by the slowing

influence of enlarged tubes and walls made thinner and more

elastic by distension. We may suppose that arterial tone is

a somewhat variable entity, as stimulated by interior pres-

sure; in one instance permitting the fibres to relax to an

extent, softening the walls ; in another tightening the fibres

stiffening the walls.

" The effort," by which is meant making a strong expira-

tory effort with the glottis closed, compresses the aorta and

thoracic and abdominal viscera, driving the blood into the

arteries of he extremities, raising their blood pressure in a

marked degree. We have often made the experiment for test-

ing the rate of pulse transmission before and during the effort,

and almost invariably with the result of proving a swifter

transmission during the effort.
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Fig. 59 is a fair example of result in this experiment in

which the carotid and dorsalis pedis were traced.

Fig 59-

Intervals about ^ second before and ^ second during.

Sudden compression of the femorals is another means of

augmenting the pressure in the arteries of an upper extremity.

Fig. 6o is from a boy, aged nine years, the same that pro-

FiG. 6o.

duced Fig. 49, taken before and during compression of femo-

rals.

Carotid-radial interval -^ second before and -^ second

during.

In explanation of the result in the last two experiments

we only remark that the modifying forces were so acting as

to throw the balance on the side of pulse-wave acceleration.

It is not deemed necessary to produce other experiments

in illustration of the proposition before us. All the experi-
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ments go to demonstrate the inefficiency and uncertainty of

variation of blood pressure as a direct modifier of pulse-wave

velocity. Indeed, in view of the results obtained, it may fairly

be questioned whether variation of blood pressure acts at all

except as it influences arterial elasticity. We have seen, how,

in experiments with inert tubes, increased pressure produced

no increase of wave velocity until tubes were employed whose
walls were as lax or laxer than those of livinig arteries. And
we have just seen how in experiments on living arteries no cer-

tain acceleration follows increase, or retardation decrease, of

blood pressure. Such a result both on the schema and man was

unexpected, nevertheless the logic of facts must be accepted.

Proposition 5.—The velocity of the pulse-wave varies

without notable change of the conditions.

Traces already produced afford abundant evidence of this

incessant oscillation of pulse-wave velocity. A critical meas-

urement of the successive time differences in the figures will

prove a slight variation between most of them, and between

some a difference quite marked. For illustration we refer to

Fig. 27, where the carotid-posterior tibial interval in succes-

sive pulsations, quite uniform, changes from \to \ second
;

also we produce a new illustration :

Fig. 61 is from the same young man who furnished Fig.

Fig. 61

SO, and both were taken on the same day. The time differ-

ences of Fig. 50 vary but little from \ second throughout,

while those of the present figure show considerable variation,

and the average is less than \ second. So here are two runs

of traces taken from the same arterial points of the same
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subject, under similar conditions, and the time intervals in

one averaging \, and in the other less than ^ second.

Further we carefully measured each time interval of Fig.

61, and marked the result in the fractions on the slide. The

measurements, converted into decimals, read in order, .125,

.117, .122, .117, .131, .122, .III, and .117, second ; which gives

an average of .120 second. Besides, on another slide, with

traces taken from the same individual some months previous,

the time differences vary around ^ second.

If it be thought that these variations may be results

merely of instrumental and mensural errors, we reply that

this is impossible. In the method employed it has been

proved that the range of instrumental error is so small that

it may be neglected, and possible errors of measurement are

insignificant, compared with these differences. Again, when

we measure successive intervals between waves in inert

tubes, the fractions' obtained are remarkably uniform. Thus

in Fig. 25 the formula of measurement runs without ma-

terial variation

—

^^ of f = -jJj- second ; and if it be found that

the numerator varies from 5, it will also be found that the

denominator correspondingly varies from 24.

Another point is, that in the repetitions with the same

tube, under the same conditions, the intervals were always

the same, while in repetitions with the same individual,

under apparently the same conditions, the intervals are often

unequal.

Then we deem it sufficiently demonstrated that the varia-

tions in question have a real existence.

One theory alone can be offered in explanation of these

variations, viz., that the state of contraction of the arterial

fibres varies at short intervals, and, so hardening or soften-

ing the arterial tubes, causes the pulse-wave to travel with

swifter or slower velocity. No other modifying factor can

be invoked, and variation of arterial elasticity we have seen

is a certain and potent modifier ; moreover, there can be no

hesitation in accepting as a physiological fact such implied

variation of arterial tone. In a word, under the conditions

named, the velocity of the pulse-wave varies in consequence
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of variations of arterial tone ; increase of tone causiiig

increase, and decrease of tone, decrease of velocity.

Proposition 6.—The pulse-wave velocity is not modified

by variations of pulse frequency. This fact has been suffi-

ciently illustrated by results already produced. Instance

Figs. 53 and 54, in which, notwithstanding marked increase

of frequency of the pulsations, the time intervals remained

at normal values.

Indeed, the proposition would be sustained by considering,

first, that the artery starts to rise from the same status at

each pulsation, whether the intervals between the waves be

long or short ; and, second, that quickness of pulse, which

usually accompanies frequency, can have no influence upon

pulse transmission, since it has been demonstrated that a

quick wave and a slow wave travel along the same elastic

tube at the same rate of speed.

Proposition 7.—The velocity of the pulse-wave is different

for different arterial tracts. This proposition has already

been well established, and for its illustration here is produced

a figure previously published,* whiph gives the result of an

experiment in which the pulsation of the heart, carotid,

femoral, radial, and posterior tibial arteries, and the time in

fifths of seconds, were traced simultaneously.

Fig. 62.

* New York Archives of Medicine, June 1882, p. 231.
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This experiment, so prolific in facts, gives the following

results regarding the pulse transmissions along different

routes : Carotid-femoral time, .0797", which, with a distance

of 18 inches, gives a pulse velocity of 226 inches per sec-

ond. Carotid-radial time, .0797", which, with 23 inches

distance, gives a pulse velocity of 288 inches per second.

Femoral-posterior tibial time, .0606", which, with 33 inches

distance, gives a pulse velocity of 544 inches per second.*

Thus it is well shown how the rate of pulse transmission

varies in value along these different lines, and now the prob-

lem as to the cause of these differences presents for solution.

Pertaining to the arteries there are four points of difference

in condition, viz. : (i) difference as to giving off of branches

;

(2) distance from the heart
; (3) state of elasticity ; and (4)

size. The question as to any modifying influence of the

first two has been settled in the negative by our results with

tubes. As to the third, it is a well-known fact that the aorta

is highly elastic ; its coats are thick, yet extremely soft and

pliable, and yield with the greatest readiness to increase of

inferior pressure, to promptly return when the pressure

diminishes. The aorta, it is safe to say, is more exquisitely

elastic than the arterial trunks of the extremities, and to

this difference in elasticity we are led to attribute in part the

comparative slowness of aortic pulse transmission. And in

regard to the small but real difference of rate between the

tipper and lower extremities, an assumed greater resistance

in the arteries of the lower is the only explanation that

offers of the faster transmission in the latter.

Difference in size of the arteries is in reality the potent

factor which makes the pulse travel slower along the aorta

than along the other arteries. This conclusion is inevitable

when we remember the law that wave-velocity is propor-

tional inversely to the size of the tube traversed, and the

* The cardio-arterial intervals are expressed on the cut, and the arterial

intervals are obtained by deducting the lesser cardio-arteiial from the greater

;

thus, cardio-femoral interval .1666"— cardio-carotid .o86q", gives .0797" as the

carotid-femoral interval, and so on for the other arterial intervals.
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fact that the aorta is many times larger than the arteries of

the limbs.

Propositio7i 8.—The time of appearance of the pulse-wave

is delayed in arteries in which the blood column has been

much reduced by obstruction of the current.

The experiment upon which this proposition depends for

proof is readily made on man by tracing the two radials be-

fore and during compression of one axillary or brachial ; or

by tracing the two posterior tibials or dorsals before and

during compression of one femoral or popliteal ; or again,

the method may be pursued of tracing a near and more dis-

tant arterial point, as the carotid and radial, before and

during compression of an intermediate point, as the axillary

or brachial.

Figs. 63 and 64 are examples of results from such ex-

THE TWO RADIALS.

Fig. 63.

Fig. 64.

periments on two individuals of different ages. The delay

in either occasioned by the obstruction is about -^-^ second.



Il8 SPHYGMOGRAPHY.

In explanation of pulse delay from this cause, from our

experiments on tubes, we need take no other account than

that of check at the site of obstruction. The condition of

the artery below, if contracted and diminished in size (which

is probably the case), would only tend to lessen the delay.

Proposition 9.—The velocity of the pulse-wave is dimin-

ished in arterial trunks affected with vaso-motor paralysis.

This proposition is a necessary corollary of facts already

acquired. In vaso-motor paralysis the arterial coats are

relaxed and the arterial calibre enlarged, both of which con-

ditions are effective factors of pulse retardation. Besides,

we have published a case with tracings in which the phe-

nomena of general vaso-motor paralysis were well declared,

with coincident remarkably slow pulse transmission.

Proposition 10.—The time of appearance of thedistal pulse

is delayed in aneurisms with yielding walls and free com-

munication with the artery ; while there is no delay in

aneurisms with resisting walls, even though freely communi-

cating, unless the aneurisms directly obstruct the arterial

current, or diminish wave velocity by producing vaso-motor

paralysis.

The clinical proofs of this compound proposition have

been well furnished by Francois Franck * and the author,f

whose publications contain graphic illustrations of the points

from actual cases.

From this study we deduce the following resume of the

more prominent facts :

1. The velocity of the pulse-wave is determined above all

by inherent states of arterial elasticity ; being slower as the

arteries are more elastic.

2. It is incessantly changing, within small limits, in conse-

quence of variation of arterial tone ; being faster as the tone

is higher.

3. It diminishes with the size of the artery traversed.

* Jour. del'Anat. etde la Physiol., t. xiv. (Mars-Avril, 1878), et t. xv. (1879).

f N. Y. Med. Record, Nov. 29, 1879.
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4. It tends to increase with increase of arterial pressure,

but modification from variation of pressure often fails to

manifest.

5. It is not perceptibly modified below the site of an

arterial obstruction, but the distal wave is delayed there in

consequence of check at the site of obstruction.

6. It is not perceptibly modified in an artery below the

site of an aneurism, although the distal wave may be de-

layed there in consequence of absorption by the yielding

aneurismal walls.



CHAPTER V.

THE PRESPHYGMIC INTERVAL.

The Causes of the Variations of the Cardio-Aortic or " Pre-

sphygmic" Interval.

ONE of the outcomes of the simultaneous graphic

method has been the demonstration and measure-

ment of an interval of time between the beginning of ventricu-

lar contraction of systole and opening of the aortic valves, or

beginning of the aortic pulse. The term " presphygmic," ap-

plied to this interval by the author, appears well chosen, as ex-

pressing the phase of ventricular systole which precedes the

rise of the arterial pulse. This term and " cardio-aortic" or

" ventriculo-aortic," will be used synonymously.

Observations relating to the presphygmic interval must

necessarily be made on man between the point of ventricular

beat and the point of pulsation of a hear artery, as the caro-

tid or subclavian ; the former being usually selected as more

accessible for exploration. To get the presphygmic interval

in its purity, it is only required to deduct from the full car-

dio-carotid interval the brief transmission interval of the

pulse-wave between the points named ; but so short is this

interval compared with the whole cardio-carotid time differ-

ence that practically it may be neglected, aiid the time be-

tween the ventricular beat and carotid pulse taken as the

representative of the presphygmic interval

Experiments on the schema in aid of elucidation of ques-

tions pertaining to the presphygmic interval must be made

between a pump representing the heart and near point of a

tube representing the aorta. Accordingly, for our purpose,



THE PRESPHYGMIC INTERVAL. 12 r

the upper receiver was placed in communication with the in-

terior of the pump of the schema, and the lower receiver with

the interior of the egress tube, twelve inches distant. Thus,

compression of the pump or ventricle immediately increases

the pressure within, which increase sooner or later overcomes

the valvular barrier, and is felt in the arterial tube. The two

events of ventricular and arterial increase of pressure are in-

stantly-signalled as waves, and their time-relation to each other

is then easily determined. The arterial tube, being practically

rigid, would give for the short distance traversed an inappreci-

able transmission interval, so all the delay signalled by the

traces may be placed to the account of the schematic presphyg-

mic interval. The action of the hand on the pump can be made
to imitate very closely the movements of the human ventricle.

In the present study the form of distinct propositions will

be continued.

Proposition i.—The duration of the presphygmic interval

varies with the pulse rate ; being shorter with frequent and

longer with rare pulsations.

Experiment on man never fails to prove variation, in the

sense stated, of the cardio-carotid interval coincident with a

considerable variation of pulse rate. We offer two illustra-

tions. In Fig. 65 the heart and carotid were traced before

and immediately after active exertion. The pulse rate be-

fore was 82, after 130. The cardio-carotid interval was be-

fore .075", after .047", all as shown.

IV.
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Fig. €A was taken from a girl, aged twelve years, on the

second day of scarlet-fever. Temperature 103.2°, pulse rate

126. The tracings are of the heart and radial, and carotid

and radial. The cardio-radial interval measures ^" and the

carotid-radial ^", which would make the cardig-scarotid inter-

val only -^' . We could easily multiply such examples.

KiG. 56.

Coincidence of cardio-carotid lengthening and pulse in-

frequency has its limits. We have found that an interval of

ji/' usually goes with a pulse of 60, but if the latter fall lower,

there is no certainty that the former will farther lengthen.

This relationship between the pulse rate and cardio-carotid

interval for variations between 60 and 120, the author

expresses by the following working formula : The cardio-

carotid interval is normally about one tenth the duration of

the pertaining pulsation. Thus a pulse of 60, i second long,

would give for the interval -jij,- second ; a pulse of 72, | sec-

ond long, would give -^ second, and so on. Any considerable

departure from this ratio, we consider, would be irregular,

and dependent upon abnormal conditions. New observa-

tions confirm in the main the justness of this formula.

Nevertheless pulse rate in itself can have no modifying

influence upon the presphygmic interval ; other things being

equal, the rate may be fast or slow and the interval remain

the same. With the schema, the ventricle worked at a uni-
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form quickness and force, and the outflow and pressure

maintained at a given rate and value, the interval between
the rises of pressure in the ventricle and artery will be the

same, whatever the order of succession of the impulses.

But in the organism, when the pulse-rate changes, other

conditions change likewise, and in these concomitants we
shall find the real producers of the presphygmic variations

found associated with modifications of pulse rate.

Proposition 2.—The duration of the presphygmic interval

varies with the mode of ventricular systole ; being longer

with slow and shorter with quick contractions.

It would appear that effect must follow cause as implied

in the proposition ; for a quick action of the ventricle must

raise the ventricular pressure, so as to overcome the arterial

pressure and send forth the wave sooner than a slow action.

But the demonstration is easily made on the schema.

In Fig. 67 the ventricle was first made to contract slowly,

and then quickly, with a ventricular pressure of 4 inches,

and arterial gradually rising from 50 inches. It is seen that

the interval between the ventricular and arterial waves is

very much longer under the slow impulsion than that under

the quick ; the former measuring -g^^", and the latter ^".

Fig. 67.

It is plain that the greater the difference between the

pressure in the ventricle and artery, the greater will be the

modifying effect of different modes of ventricular action
;
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and if the pressures are in equilibrium, a slow action will

start the arterial wave as soon as a quick action.

When we seek in man examples of the effect of different

modes of ventricular action, we find them in modifications

of pulse frequency. The frequent pulse is sent forth Ijy a

comparatively quick systole, and the rare pulse by a com-

paratively slow systole. Figs. 65 and 66, already produced,

will illustrate this proposition. It cannot be doubted that

a quick ventricular systole characterized the acceleration of

movement shown.

It may be true that the arterial pulse is sometimes quick

and rare, or slow and frequent ; but ventricular systole is

probably always slow when rare, or quick when frequent.

We can understand such coincidence of slow systole and

quick pulse, or quick systole and slow pulse, inasmuch as the

quality of the arterial pulse depends upon the arterial as well

as the cardiac conditions.

Proposition 3.—The duration of the presphygmic interval

varies with the excess of arterial over ventricular blood

pressure, and is longer with a high and shorter with a low

value of such difference.

Assent to this proposition is readily gained through a

priori processes. At the beginning of systole, the higher

the arterial pressure relatively to the ventricular, the longer

must be the time required to raise the latter above the

former. One condition alone could defeat such an order,

viz. : a quicker initial ventricular contraction coincident with

the higher arterial pressure ; but the proofs are convincing

that the reverse obtains.

In demonstration we offer an example from experiments

on the schema.

Fig. 68 shows traces of the ventricular and arterial waves

at different degrees of arterial pressure, the ventricular re-

maining throughout at a uniform pressure of 4 inches. The

first waves, with pressure in equilibrium, show no appreci-

able arterial delay; the second waves, with arterial pressure

at 40 inches, show a delay of .08 second ; the third waves,
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Fig. 68.

with arterial pressure at 50 inches, show a delay of .09 sec-

ond ; and the fourth waves, with arterial pressure at 60

inches, show a delay of .105 second.

In the man experiment of tracing the heart and carotid

before and during compression of the femorals, succeeds in

showing elongation of the presphygmic interval as a result

of increased aortic pressure. Fig. 69 is an example taken

from the nine-year-old boy that furnished Fig. 49. The
cardio-carotid interval is -jV second before, and -^ second

during, the compression. This experiment commends itself

for its purity in that there are no complicating conditions.

Fig. 69.

Again, in fever the arterial pressure is notably low, and

always in this condition, if the heart valves are intact, the

cardio-carotid interval is shown to be diminished. In illus-

tration, besides Fig. 66 before given. Fig. 70 may also be

studied. It was taken from a boy five years old in the
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height of scarlet-fever, of which he died two days afterwards.

The traces are from the heart and radial, but from these it

is easy to approximate the interval between the heart and

carotid.

Fig. 70.

The cardio-radia/ interval averages about -jij- second, which,

even with a rapid transmission time, would make the cardio-

carotid interval extremely short ; in no event could it ex-

ceed ^ij- second. To make the showing stronger we introduce

Fig. 71, taken from a healthy little boy of the same age,

on the same day, with the instrument unchanged. It will

be observed that the cardio-radtai interval here averages

about ^ second, twice as long as in the former instance.

1

/^£ART.
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irig. Nevertheless, it must be true that quickness of ventric-

ular contraction could not produce such shortening of the

presphygmic interval without concurrence of the effect of

low arterial pressure.

We are now prepared to understand why the duration of

the presphygmic interval is proportional inversely to the

pulse rate. It is because the pulse rate stands in a sense as

the exponent of the mode of systole and relative arterial

pressure. When the pulse is frequent, systole is quick and

the pressure is low, ,and the interval is short. On the other

hand, when the pulse is rare, .systole is slow, and the pressure

is high, and the interval is long.

It is worthy of remark that the ventricular and arterial

blood pressures, while readily changing their relative value,

tend promptly to return to the normal difference, and in the

processes of these fluctuations the operations of the modify-

ing factors may again be farther modified. Thus, if the

capillaries become constricted, the increased arterial pressure

will add itself to the slow ventricular contraction, and the

two will produce a marked lengthening of the presphygmic

interval ; but soon the ventricular pressure rises and the

arterial declines, the balance is -restored, and the mode of

systole and the presphygmic interval again become normal.

Or, again, if the capillaries become suddenly relaxed, the

arterial pressure falls, the heart starts off with quickened

and accelerated action, and the two factors here unite to

produce a marked shortening of the presphygmic interval

;

but under the increased frequency of the systoles the pres-

sure soon rises again, and whilst rising, the pulse acceleration

not yet checked, the factors antagonize each other, and the

presphygmic interval may not be diminished though the

pulse is frequent. Soon, however, all is regular again.

These variations of conditions and effects can be well illus-

trated on the schema.

Proposition 4.—The duration of the presphygmic interval

is subject to limited variation, even when the cardiac action

and blood pressure appear most regular and equal.
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In illustration of this proposition we will study Fig. 72,

selected for the distinct markings and apparent regularity

of the pulsations. We took the pains to measure on the

slide the cardio-carotid interval of each pulsation, marking

the result below each basal point of the carotid traces ; also

the duration of each cardiac systole and cycle, marking them

respectively as shown in the cut. These measurements

were made under a glass, with extreme care, and it is be-

lieved they contain no material error.

HEART AND OAROTID^ SIMUL.

/U ['^ ;V-^ n--,^ liV-;
f^,

iv-->
f--, j^\
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'^"-'
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;

:
'

^

1

« 'I
.077 .063 .063 .06* .066 .060 .077 .Offfi .06B .O'fi

Fig. 72.

The lower row of decimals shows the variations of the

cardio-carotid interval. The longest interval is .077" and

the shortest .060".

The upper row of decimals shows the duration of the car-

diac cycles. Examining the relation between these and the

corresponding cardio-carotid intervals, the variations are

found discrepant ; a long interval going, as likely, with a short

cycle, and a short interval with a long cycle. So in the

small variations of cardiac rhythm, the rule does not hold of

a ratio between the presphygmic interval and the pulse rate.

The middle row of decimals shows the duration of the

cardiac systoles. Examining the relation between these and

the cardio-carotid intervals, the variations are found in the

same direction ; a long interval going with a long systole,

and a short interval with a short systole. The correspond-

ence here shown we have found to hold as a rule in the
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small variations of systolic duration of so-called regular pul-

sations. But the rule has exceptions, for the length of

systole is determined by its ending as well as by its mode of

beginning.

Therefore we feel justified in formulating these observa-

tions under the following statement

:

Proposition 5.—In the small variations of apparently regu-

lar pulsations the presphygmic interval does not observe any

rule of variation with respect to the duration of the cardiac

cycles, but, as a rule, varies in the same sense as the duration

of the cardiac systoles.

In explanation of the proposition we remark there are no

facts anywhere to indicate that diastole is any thing but a

cipher in the processes ; all depends upon systole. The
explanation is found in the fact before developed and ap-

plied, viz. : that when the systoles are longer their beginning

is slower, which determines a longer interval ; and when
the systoles are shorter their beginning is quicker, which

determines a shorter interval.



CHAPTER VI.

INFLUENCE OF MUSCULAR EXERCISE ON THE ARTERIAL
AND CARDIAC PULSATIONS—THE PULSATIONS OF THE
FONTANEL : THEIR FORM AND MECHANISM, AND RELA-

TION TO THE PULSATIONS OF THE HEART AND AR-

TERIES, AND THE MOVEMENTS OF RESPIRATION.

BEFORE entering upon the study of the pulsations in

disease it is important to further extend our knowl-

edge of the physiology of the pulsations. Accordingly we
now inquire, What variations in the action of the heart and

arteries and related phenomena are produced by active

muscular exercise ? Having given the subject careful con-

sideration, the results and conclusions may be stated in

summary, attesting the more important by illustrations of

actual experimental results. It will be understood that the

effects under exercise are considered in comparison with the

effects under rest.

I . The effects of exercise on the arterial pulsations.—The

frequency is increased, as all know. The regularity is undis-

turbed. The amplitude is often increased, but sometimes

unchanged, other times diminished. The form, too, as

regards the secondary waves presents variations ; a very

common departure is diminished prominence of the second

wave. Usually after walking the trace of the pedal arteries

shows a relatively higher second wave. The pressure degree

is in most instances but little changed, at times it is higher,

more rarely lower. The tension, as indicated by the pressure

degree and relative height of the second wave and aottic

notch, is little modified from that under conditions of rest ;

130
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when changed, however, it is oftener towards a higher

degree. The eardiac systolic portion of the pulse trace com-

pared with the cardiac diastolic portion is lengthened ; thus

while under rest with a pulse-frequency of 76 to the minute,

these divisions may be to each other as 1:2; under exercise

with a pulse-frequency of 100, the ratio may be as 2 : 3. The

velocity of the pulse-wave shows little departure from the

standard of the individual under rest ; and this agreem.ent

pertains not only to entire arterial lines, but also to their

divisions.

Figs. 73, 75, with Fig. 74, may be studied so far as their

showings apply in exemplification of the above facts and

statements. Figs. 73 and 75 represent K's carotid and dor-

3 3.R.
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Fig. 76.

with changes of pulse-rhythm ;—a rare and frequent pulse,

when other conditions are equal, being transmitted over the

same arterial spaces in equal time.

i 2. That the velocity of the pulse-wave normal to the individ-

ual is <losely preserved under ordinary physiological variations

of the circulation.

3. That ike presphygmic interval changes with changes of
rhythm ; the feriod being longer with rare, and shorter with

frequentpulsations^

The influence of 1>ther conditions on the pulse-wave ve-

locity and presphygmiclMerval receives from this exposition

no definite elucidation, for the reason that in the experi-

ments arterial tone, blood pressure, "etc., exhibited no marked

departures from the standards of the inti-ividual under nor-

mal conditions of rest. However, the operation of these

agencies can be studied by more direct experiment ; and the

solution will be simplified in that we now know the effect of

variation of rhythm is negative on pulse-wave velocity, and

that pulse-acceleration abbreviates the presphygmic interval.

Observations on Bertha Von Hillerns Pulse under Exercise.

At intervals of rest during the walk of Miss Von Hillern,

in Cincinnati, of 100 miles in 28 hours without sleep, two

sphygmometric and sphygmographic observations of her left

radial artery were permitted. It was impossible to procure



134 SPHYGMOGRAPHY.

a record of the pulse in her quiet before the walk, and to

supply, in some degree, this deficiency, the pulse of another

person is presented in this connection, under conditions of

quiet, known to be one of good amplitude, tension, and force

though usually accelerated when placed under experiment.

1. PULSE OF A HEALTHY PERSON ACCELERATED TO 84 PER MINUTE
PRESSURE le? AMPLITUDE 1/t?

10 TIME IN SECONOS AND FIFTHS.

• Fig. 77.

The first observation of Miss Von Hillern's pulse was

taken fifteen minutes after the completion of her seventy-

third mile. See Fig. 78.

I. BERTHA VON HILLERN'S PULSE AT END OF 13'-^ MILE!

HOUT SLEEP. PRESSURE18°. AMPLITUDE ^° FREpUENCY 88 PER MINUTE.

HROTUS SLIGHT. >,

lo TIME IN SECONDS AND FIFTHS.

Fig. 78.

The second observation was taken ten minutes after the

completion of her ninety-eighth mile. See Fig. 79.

^.3. BERTHA VOW fflLLERN'S PULSE AT END OF 98^" MILE

HOUT SLEEP. PRESSURE J 1? AMPLITUDE^? FREpUENGY ,96- \ PER MINUT

HROTUS MARKED.

TIME IN SECONDS AND FIFTHS.

Fig. 79.



INFLUENCE OF MUSCULAR EXERCISE. 1 35

The Reading of the Records.—In Fig. "jj the pressure is

marked 16°, which shows the height in the graduated glass

tube at which the greatest undulations were displayed, and

indicates the pressure sustained by the artery to develop its

best pulsations. The tracings were taken at this same pres-

sure. The amplitude is marked i^°, and indicates that the

undulations in the tube passed through this extent of sweep.

The tracing so far accords with these indications and is

easily read, showing the pulsations of good amplitude, with

tension rather above than below the average, regular, equal,

and running just seven to five seconds of the chronogram,

making the frequency 84 per minute. They rise with sufifi-

cient suddenness to the summit and then gradually descend

by the well-marked steps of the secondary waves, to the basal

line.

In Fig. 78 the spirit index marks a pressure of 18° and an

amplitude of five sixths of a degree, with very slight dicro-

tus. The tracing is of moderate amplitude, sloping ascent,

shows a well marked proportionately high .second wave, also

a proportionately high aortic notch. One pulsation, the

second, is notably longer than the others, which latter are all

nearly equal in rhythm and amplitude. There are seven and

a third pulsations to five seconds, which places the frequency

at 88 per minute.

The indications of this record appear to point to a pulse

of rather small volume, increased arterial tone, and high

blood-pressure, combined with considerable vigor of cardiac

action. The cardiac energy is demonstrated especially by
the distinctness, relative height, and horizontal distance from

basal point of ascent of the second or so-called tidal wave,

resisted as the heart inevitably was by the high blood-pres-

sure and increased arterial contraction. In Fig. 79 the

pressure is 14° and amplitude two thirds of a degree, with

marked dicrotus. The tracing is small, sloping, without

mark of second wave and distinctly dicrotic
;

pulsations

nearly uniform in rhythm and amplitude, run eight and one

sixteenth to five seconds, yielding 96^ to the minute.
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The indications of this record point unmistakably to a

pulse of diminished volume, diminished ajterial tone, and

diminished blood-pressure, combined with reduced action of

the heart. The reduced cardiac action is demonstrated

especially by the low altitude and sloping ascent of the first

wave, when the yielding arterial coats and lowered blood-

pressure would with certainty insure a quick and free sweep

of this wave under the impetus of even very moderate car-

diac vigor.

It is not always easy to distinguish between a high-tension

contracted pulse and a high-tension expanded pulse ; as both

afford tracings of small amplitude, definite secondary waves,

and are developed under high pressure of the instrument.

Other things being equal it will appear that the expanded

high-pressure pulse, as compared with the contracted, will

yield a tracing of greater amplitude, quicker ascent, and

sharper delineation of the secondary waves ; and for the

reason that the expanded arterial coats permit their fine

elastic play and are more sensitive and responsive to the

impetus from the heart. Judged by all the tests the tra-

cing of Fig. 78 is an example of a contracted high-tension

pulse. There can be no question that the tracing of Fig. 79
is an example of small low-tension pulse. The contrast is

striking and significant. It will be observed that in both

tests the heart and arterial system were in unison. In the

first, arterial contraction was found coincident with vigorous

action of the ventricle ; in the second, arterial relaxation co-

incided with reduced ventricular action.

Observations upon Daniel O' Leary.

During Mr. Weston's five-hundred-mile walk in England,

Dr. Mahomed made a series of sphygmographic observations

of his radial pulse. The published results (see Lancet, Am.

Ed., Oct., 1876, p. 479) show a pulse of large amplitude,

average tension—the tension slightly increasing during the

progress of the walk,—without marked dicrotism, fairly regu-
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lar, and in frequency from 98 to 134 per minute. Dr.

Mahomed attempted, biit failed, to get cardiographic

tracings.

Observations, made by the author, of Miss Bertha von

Hillern's radial pulse while engaged in her late walk in

Cincinnati'^f 100 miles in 28 hours, showed increased tension

and diminished amplitude, and a frequency of 88 at the 73d

mile, and diminished tension and amplitude, and a fre-

quency of g6f at the 98th mile.

Mr. Daniel O'Leary, the champion pedestrian of the

world, on the occasion of his recent walk at Price's Hill,

Cincinnati, of 220 miles in 56 hours, kindly allowed tracings

to be taken of his pulsations. Unfortunately Mr. O'Leary 's

time was so occupied previous to the walk, that he could

only spare a few moments in which to obtain his standard

tracings, and these immediately before and in the midst of

the flurry of preparation for the start. Under the disadvan-

tages, the tracings were imperfect, but they showed, however,

the same type of form as those obtained during and after

the walk. By this examination his pulse was y6, regular,

moderately ample, and dicrotic. During the contest at each

observation his pulse was also counted by a watch imme-

diately after his leaving the track, and its frequency was

only a few beats more per minute than that of the pulsa-

tions recorded and timed by the chronograph about five

minutes later. His respiration throughout was singularly

unaffected.

The observations were conducted according to the usual

method, by means of the special recording apparatus, of

tracing simultaneously the pulsations of the heart and an

artery, or of two arteries, and a chronogram, in seconds and

fifths, all on the same slide. In this way, with the assistance

of Dr. H. T. Lowry, without trouble or delay the tracings

which are shown in the illustrations were secured. Like

records were also obtained of Mr. O'Leary's heart and

carotid, carotid and radial, carotid and femoral, radial and

dorsal, and femoral and dorsal.
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The records are wholly trustworthy. The instrument was
in perfect order, and at the standard adjustments ; moreover,

thorough testing before and after the experiments proved

its action perfect and uniform.

The sweep of a cardiogram in a given case is governed by
other conditions besides the force of the heart's contractions.

Of two hearts beating with equal vigor, one behind a thin

chest-wall and wide intercostal space, the other behind a thick

chest-wall and narrow intercostal space, the first will yield a

; high-sweep and the second a low-sweep tracing. The effect

of position, too, is very marked. If the person is lying flat

on the back there will be little, if any, result ; if standing or

sitting erect, the result will be plainer ; if leaning forward, it

will be still better ; but if lying well over on the left side,

the sweep will be the highest of all. So the systolic vigor

may be judged by the amplitude of the tracing only when
all the attending circumstances are taken into the account.

Mr. O'Leary possesses a compact and muscular chest-wall.

The fact that No. 2 cardiogram is less high than the others,

is the result of position, in that he was lying more on his

back whilst it was being traced. The irregular line of No. 4
cardiogram is the result of the disturbing effect of the res-

piratory movements, which were then, really, more pro-

nounced than at the periods of observation during the walk.

In this cut the well-traced pulsations are at either end and

the middle ; the others being defective from the cause

named. The respiration rate and the temperature are also

noted in the cuts.

The markings and estimates of the time differences are

very nearly correct. Cardiograms, especially high-sweep

ones, often present coqfusion in regard to the proper local-

ization of the point which should mark the beginning of

systole. At casual view one would naturally locate the point

at the bottom of the curve preceding and sweeping up into

the main ascending line ; but after much attention to this

matter it is concluded that in the tracing with a deep de-

pression preceding the main up-stroke the true basal point is
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situated on the latter near the bottom, and where it may
generally be discerned by a slight crook in the line. The
line B, in Fig. 80, Fig. 82, and Fig. 83, intended to show the

beginning of systole, is placed in accordance with this view.

To place it through the bottom of the curve would make the

time differences in these cases about -^^ of a second greater.

In Fig. 81 the basal point is more plainly marked, and for

the reason that the lever not then on the swing from inertia

had become nearly poised, describing a line approaching the

horizontal, just before it received the systolic impetus.

The Showings and Interpretations of the Records.

The form of O'Leary's pulse-tracing here shown is, in

some respects, peculiar, and not such as one, at first thought,

would expect to see from a man of such training and en-

durance. That the form is inherent in his pulse, and was not

artificially produced, is proved by testing the instrument as

prepared for the observation on K.'s pulse and obtaining his

known characteristic tracing with high second wave. The

form is not incident to the exercise, because his pulse taken

before presented the same type, and tracing Fig. 83, taken

forty hours after, does not depart from it. This form, as

seen, is characterized by a fairly high first wave, a low second

wave, and a prominent third or aortic wave rising from a low

aortic notch. As usually described, the form is dicrotic. The

tracing is interpreted as indicating good heart power and low

mean arterial tension. The pressure index at 16 and 17

degrees shows, also, the cardiac efficiency. Again, the

ample cardiograms under the conditions of a thick and com-

pact chest-wall testify to the integrity and vigor of the

heart.

The pulsations are remarkable for their regularity of

rhythm. As a general rule, pulses accounted regular, by

ordinary tests, undergo changes in rhythm which become

plainly manifest by measurement. But in each run here

shown the rhythmic changes are scarcely appreciable by

measurement. The duration of one pulsation is closely that
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of another, and the relation between ventricular systole and
diastole is closely maintained.

One is struck by the small change produced in O'Leary's

pulse by the prolonged and arduous exercise. The changes

are, a small increase of rate, of amplitude, and, perhaps, of

tension ; but these are no more than would occur to any.

healthy man under ordinary daily conditions.

And as regards the time differences, these result from two

factors, namely : (a) the interval between the contraction of

the ventricle and discharge into the aorta, the presphygmic

interval, as it is termed ; and {U) the time occupied by the

pulse-wave in travelling from the aorta orifice to the radial

artery at the wrist. Previous investigations have shown

that these factors are variable in value, but the laws govern-

ing the changes remain to be ascertained. Under normal

conditions, it has been found that the more usual range in

adult men is between the sixth and seventh of a second.

During the walk O'Leary's time differences between the

heart and radial ranged from a sixth to an eighth of a second.

The why of this increased range in the direction of shorter

time it would be interesting to know. Tn Fig. 83, taken

after the walk, the time differences measure close to the

usual two thirteenths of a second.

In the light of these records do we not have a solution of

O'Leary's remarkable endurance, and see the reason of his

renowned success over all competitors of the late interna-

tional walking match ? His circulation under exercise

suffers no strain, no disturbance, but keeps on in the even

tenor of its flow and movements. Doubtless the low

arterial tension normal to him is an advantage ; for the

heart thus acting under a minimum of resistance is always

equal to its work, never tires, nor is goaded to undue exer-

tion. It would seem that with this efificient well-balanced,

and easy-going circulation, and the little disturbance it be-

trays under such tests, that, but for the want of sleep, he

might walk on indefinitely, and his heart evince no signs of

failure.
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The Pulsations of the Fontanel : Their Form and Mechanism,

and Relation to the Pulsations of the Heart and
Arteries, and the Movements of Respiration.

The observations from which are derived the facts of the

present contribution were made on a healthy male infant,

eleven months old, with an open and freely pulsating

anterior fontanel. They were made while the child was

asleep on three separate evenings. From the glasses bearing

the tracings two were selected for reproduction. These

with indicatory markings and statements, are represented in

the accompanying cuts. Those not published show the

same characters and essentially the same relations. The in-

strument was thoroughly tested, the observations conducted

with every care, and results proved and counterproved.

As the time differences vary in value, pains were taken to

measure them from several pulsations of a run separately

and then compute the average. The results can be read in

the illustrations.

The. range of variation, especially in Fig. 84, is unusually

great, -yvhich is attributed to misplacement of some of the

cardiac, basal points by the action of the respiration. How-

ever, the measurements being made from the pulsations as

they run, the average must efface or render immaterial such

errors.
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Viewing the representations, first the cardiograms are

objects of interest, for good heart tracings of so young a

child are by no means common. The entire line undulates

with the respiration, rising in inspiration and falling in expi-

ration. A noticeable fact is the relation of systole to diastole,

which events are seen to average nearly an equal duration

;

while in adults the ratio of systole to diastole has been

ascertained to be nearly as two is to three.

The tracings of the fontanel next elicit attention. The
form in general features resembles that of the arterial pulse,

although distinctions are apparent which we will not now
stop to describe. The rhythm, like that of the arterial, is

in unision with the heart's pulsation. The amplitude is

increased at expiration and decreased at inspiration.

But the highest interest attaches to the chronometric rela-

tions and mechanism of the fontanelpulsation. It is seen that

the time difference between the systole of the ventricle and

the rise of the fontanel (Fig. 84) averages .0612, or a particle

less than one sixteenth of a second. Like measurements

from two other well-traced glasses average .0587 and .0562

second re.spectively ; and three other pairs measure each

.0555. So the average of all would be .0571 second. No
results have been obtained which would make the average

time longer than that of Fig. 84. In order to appreciate the

brevity of this interval, it is necessary to consider first the

distance of the fontanel from the heart by the way of the

arteries. It is well known that the course from the heart

does not deviate greatly from a direct one (though the

course on the right side is straighter than on the left) until

the internal carotid is reached. This artery, though usually

straight in its cervical portion, is described by Wilson as

" remarkable for the numSer of angular curves which it

forms ; one or two of these flexures are sometimes seen in

the cervical portion of the vessel, near the base of the skull

;

and by the side of the sella Turcica it resembles the italic

letter s, placed horizontally." It is safe to assume that the

distance by the vertebral arteries to the base of the skull is
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about equal to that by the carotids. Thus the intercranial

arteries, from their source to their distribution in the mem-
branes and periphery, pursue a very devious course, and the

distance of the fontanel from the internal carotid foramen

can only be approximated by adding increments to the

direct line. We have seen that the average time difference

of the heart and fontanel by our published showings is .0612

second, and by all our observations .0571 second. This view,

then, presents the phenomenon of a long arterial distance

between the heart and fontanel, and a remarkably short

interval between the pulsations. But this unlooked-for fact

is next brought out the stronger by comparison with other

distances and time differences coming under observation.

Fig. 85 was traced immediately after Fig. 84, and shows the

w
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attested in previous publications, and proofs of the same

are constantly appearing in experimentations. Second,

the original glasses and their reproduction here presented, in

which the measurements were made with the greatest care,

the cardiac basal points in both cardiograms being marked

at the bottom of the turn into the upward sweep, and the

fontanel and temporal basal points at the first beginning of

the ascent. Third, another set of glasses, procured on a

subsequent evening, which contain beautiful tracings of the

heart-fontanel and the heart-temporal pulsations, the cardio-

grams in even line instead of following, as in the first, the

respiratory undulations. These were treated as the first,

except that the basal points of both cardiograms were

marked at right bearing of the turn into the up-stroke ; the

effect of which, of course, would be to shorten that much
the time differences as computed, but on both glasses alike.

This record makes the average time difference' of eleven

heart-fontanel pulsations .0562 of a second, and the average

time difference of thirteen heart-temporal pulsations .0654

of a second. Antecedence of the fontanel to the temporal

beat .CX)92 or near -j-^^ of a second. Fourth, six glasses on

which are traced simultaneously the fontanel. and temporal

pulsations, aggregating fourty-four eligible pairs. The re-

sults are too fine for reproduction, but close inspection

determines fourteen pulsations occurring without distin-

guishable difference in time, and thirty-one occurring with

antecedence of the fontanel, the latter ranging from a mere

iota to the measurement of about a seventy-fifth of a second
;

but in no instance determines precedence of the temporal

pulses. Fifth, the experhnentum cruets obtained by reversing

the order of the tracings. The order is designated direct

and reverse ; the former is where the heart or proximal body

writes by the upper lever, and the distal body writes by the

lower ; the latter is where the heart or proximal body writes

by the lower lever, and the distal body by the upper. Evi-

dently any change of results, more than the usual range of

variation in the same order, obtained by reversing the pulse-
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bases proves the existence of fallacy, while the production

of the same results both in direct and reverse order proves

the fidelity of the showings. On three of the above-named

glasses the tracings are by reversal with about an equal

number of pulsations on either side of the reversal lines;

the results of one order agree with those of the other. These

glasses have been examined by other competent observers,

vyho have verified the showings as stated.

These must be admitted as very strong evidences in favor

of the priority of the fontanel to the temporal pulse ; but

against such priority as an established fact, may be advanced,

first, admitted liability to fallacious readings and estimates

of the showings to an extent at the farthest that would

nullify the stated average asynchronism. This liability to

error is admitted on the frequent indefiniteness of the basal

points, whereby their correct localization within a narrow

range becomes uncertain. The difference in question comes

within the range, and to that extent its establishment is

weakened ; second, the significance and extraordinary na-

ture of the phenomenon in question which would preclude

its acceptance on other than incontestable proof.

So, notwithstanding the strong grounds in this case for

concluding that the fontanel may, and usually does, precede

the temporal pulse in front of the meatus, yet it may not be

announced as a fact without further observations. But the

following proposition is proved, namely, that the fontanel

pulsates as early as the temporal artery in front of the meatus.

By the course of the arteries the temporal at point of ob-

servation is evidently much nearer the heart than the fonta-

nel, how much nearer it is difficult to closely approximate.

The external meatus and internal carotid foramen are nearly

on a level ; so if the arteries were equally direct in their

course, the temporal in front of the ear and the internal

carotid at its emergence from the carotid canal would be

about equi-distant from the heart. The deviations of the

internal carotid below this point may be counted as equalling

at least those of the external carotid and temporal below
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the height of the meatus. The same comparison is pre-

sumed to hold as regards the temporal and vertebral dis-

tances. Then, we may say, the heart-fontanel distance is

greater than the heart-temporal distance by so much as the

entire arterial line running from the internal carotid foramen

to the site of the anterior fontanel. The difference would

be considerable even if the intercranial arteries ran a course

as direct as is usual with other arteries, but the true excess

becomes manifest only when the line of their tortuosities is

considered. An estimate of four inches would be entirely

within the true limits.

If the fontanel pulsation began as late in proportion to

distance from the heart as does the average arterial, the first

would begin about a sixtieth of a second later than the

temporal ; the estimate based on a pulse-wave velocity of

240 inches per second and intercranial arterial distance of

four inches. If such delay of the fontanel pulse occurred

the method would always show it.

In elucidation of the mechanism of the fontanel pulsation

the following statement of facts is now in order :

1

.

77^1? pulsation of the fontanel begins as early as the pulsa-

tion of the temporal artery in front of the meatus.

2. The fontanel is some considerable distance by the course

of the arteries, say four inches, farther from the heart than

the temporal artery in front of the meatus.

3. In the arteries on the same line the pulse-wave always

arrives later at points more distantfrom the heart.

4. Therefore, the pulsation of the fontanel is not due in its

inception to a progressive transmission of the pulse-wave along

the intercranial arteries.

How then is the fontanel pulsation initiated ? Evidently

in one of two ways, either the brain rises en masse simulta-

neously with the arrival of the pulse-wave at the intercranial

points of the internal carotid and vertebral arteries, or the

intercranial arteries begin their diastole independent and in

anticipation of the wave from the heart. Can we distinguish

which of the two theories is correct ? If it be true that the
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fontanel pulsates not notably earlier than the temporal in

front of the meatus, then the question cannot be solved by

this method, because this relationship would be deemed con-

sistent with either theory. But if, otherwise, it be true that

the fontanel pulsates earlier than the temporal in front of

the meatus, even by so little as one two hundredths (j-^^^) of

a second, the question must be considered as solved, for such

relationship is alone consistent with the theory that the inter-

cranial arteries dilate before the wave from the cardiac sys-

tole can reach them. Hence the great importance of the re-

lationship in question. Happily its determination is within

the range of experimental inquiry. The data produced are

a contribution, and a sufficient mention of like observations

will settle the question beyond dispute. The inquiry, how-

ever, would be greatly facilitated by observations on an

older subject, in whom the loss of a portion of the cranial

bones had left a membranous covering through which the

cerebral pulsations could be observed. Such a case as that

Dr. Mary Putnam Jacobi experimented on (see Am. Jour.

Med. ScL, July, 1878), with a different object from that of

this investigation, if subjected to this experimental method,

would undoubtedly afford most valuable data, and probably

sufificient to settle the point at issue.
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PRELIMINARY.

Variations of the Presphygmic Interval in Disease, Illustrated

by Experiments upon the Schema.

PASSING now to the consideration of cardiac valvular

and orificial troubles, we commence with

—

Proposition i.—The presphygmic interval is abnormally-

shortened in free aortic insufficiency.

Frangois Franck first demonstrated on man that the

delay of the arterial pulse on the heart is diminished in

aortic insufficiency. The author had independently fore-

seen the fact, and given its true rationale,* and soon

was able to verify its reality by actual observation. The
fact needs no further substantiation, and such precipita-

tion of the arterial pulse, notably of the carotid, of course,

implies abbreviation or extinction of the presphygmic

interval. However, the phenomenon in question is so

happily illustrated on the schema that we will not for-

bear the presentation of two examples of results so ob-

tained.

Fig. 86 shows traces of waves from the ventricle and aor-

tic tube taken with the egress or aortic valve removed,

representing free aortic insufficiency. The waves were traced

at successively increasing pressures, viz. : 30, 40, 50, and 60

inches.

It is shown that the ventriculo-aortic time difference is in-

appreciable throughout, the lowest and the highest pressure

* Cincinnati Lancet and Clinic, March 2g, 1879, p. 224.
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Fig. 86.

giving precisely the same result. It is also shown that the

ventricular pressure vises paripassu with the arterial.

Fig. 87 represents aortic insufficiency under quick and

slow action of the ventricle. It will be noticed that the

waves are as nearly synchronous under the one as under the

other.

Fig. 87.

These showings are all distinctly different from what has

been shown to take place when the valves are intact ; and in

the light of their testimony we are all the more ready to ac-

cept the following explanation of the interesting and valu-

able diagnostic fact, that the arterial pulse appears distinctly

earlier than normal in free aortic insufficiency.

When the aortic valves are permanently open, the blood

pressure at the end of diastole is equal in the ventricle and

aorta, they constitute parts of one cavity, and, therefore,
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immediately upon the contraction of the ventricle, the blood

pressure in the aorta begins to rise. Whereas, when the

aortic valves are intact, the blood pressure at the end of

diastole is much lower in the ventricle than in the aorta, and

therefore time is required after the beginning of ventricu-

lar systole to raise the ventricular pressure above the aor-

tic, which must take place before the arterial pulse can be

initiated. In the one case the presphygmic interval is in

tangible, in the other it can easily be measured.

In contrast with the preceding is

—

Proposition 2.—The presphygmic interval is abnormally

lengthened in mitral insufificiency.

We were the first to demonstrate abnormal delay of the

arterial pulse in mitral insufficiency. Our published cases

show the cardio-carotid interval to be at least double what

would otherwise be normal to the individuals. In illustra-

tion of this important fact, we will here add one other ex-

ample :

isza OAY. T. 103.2°

HEART 8, CAR.
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part of the figure was given on the thirty-sixth day ; tem-

perature, ioi°
;
pulse, 140. The cardio-carotid interval here

measures between ^ and
-J-
second, when, irrespective of the

valvular lesion, it could not, in any event, have exceeded
^ij- second. Contrast these intervals with those of the fever

cases. Figs. 66 and 70, in which there was no cardiac valvu-

lar trouble, and in which the cardio-carotid intervals were

not over -^^ second.

The schema also is lucid here. If the ingress or mitral

valve be removed and a second pouch added to the ventricle,

in imitation of the auricle, and then these worked in imita-

tion of the action of the heart, and traces taken, we get a

prolonged ventriculo-aortic time difference. Fig. 89 gives

results obtained under the conditions named.

Fig. 89.

These intervals are very long, compared with those of Fig.

68, in which the valves were intact.

From the form of the ventricular traces it might be sup-

posed that the action was slow, and the longer intervals re-

sulted therefrom ; but in fact the contractions were quick,

and the sloping ascents were in consequence of the free

backward escape of the liquid. The traces in the latter part

of the figure show the increased lengthening effect of slow

ventricular contraction.

Then, with the proofs in its favor, we risk nothing in accept-

ing abnormal delay of the arteriM-. pulse—in other words,
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elongation of the presphygmic interval, as a certain effect of

free mitral insufficiency. And the mechanism of the phe-

nomenon we would explain thus : When ventricular systole

begins, there being no mitral barrier, the blood first flows

into the relaxed auricle, and is not turned into the aorta

until a sufficient head of pressure shall have gathered to

force the aortic valves. Time is thus lost between the be-

ginning of ventricular contraction and that of aortic expan-

sion, and the presphygmic interval is accordingly lengthened.

Proposition 3.—The presphygmic interval is lengthened

in that variety of aortic obstruction in which tjie elevation

or opening of the valves proves to be difificult independent

of the blood pressure.

Examples have been elsewhere contributed of great delay

of the carotid pulse arising from this cause, as proved /oj/

mortem^ The mechanism and result can be aptly shown

on the schema.

Fig. 90.

Fig. 90 was procured with the egress valve pressed upon

by a spring-weight, which permitted it to yield only to a

superior pressure. It will be observed that the ventriculo-

aortic intervals are very long, and even with the liquid pres-

sures in equilibrium at 4 inches. In the figure, the effect of

stenosis is added to that of the heavy valve, as shown in the

sloping ascent and rounded and distant summit of the ar-

terial trace. But it is possible to obtain on the schema what
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sometimes happens in the Hving, viz. : retardation of the be-

ginning without retardation of the summit, by having the valve

close with a species of locking, so that its opening is delayed,

but when once forced it rises up freely. Thus heavy aortic

valves without stenosis cause delay of the beginning without

delay of the summit of the arterial trace ; while heavy

valves with stenosis cause delay both of the beginning and

summit. Manifestly the presphygmic interval is only con-

cerned in delay of the beginning of the arterial wave.

Proposition 4.—Aortic obstruction from pure aortic ste-

nosis does not cause elongation of the presphygmic interval,

but only delay of the arterial summit.

It is plain that, with pliable aortic valves, the blood would

begin to flow as soon through a small as through a large

orifice.

The form of the pulse in aortic stenosis is familiar to all,

but Fig. 91, here republished, shows not only the peculiar

form, but that the beginning of the pulse was not delayed.

IS.
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aortic stenosis, the beginning of the waves are not in the

least later than before the compression.

Fjg. 92.

—

Effect of Aortic Stenosis Shown on the Schema.

Therefore the presphygmic interval is not lengthened in

aortic stenosis if the aortic valves are pliable.

Proposition 5.—The effect of mitral constriction on the

duration of the presphygmic interval remains as a problem

to be solved.

No examples have been furnished from any observer of

I measurement of the cardio-arterial interval in cases of mitral

K^tenosis. Experimental data in relation to this point are

giderived alone from the schema, and these, though positive,

we hesitate to accept until confirmed by observations on

man. However, the fact is patent that in no instance has

the schema failed, when applied, of reproducing the same

effects as observed in man.

Fig. 93 shows the result obtained, the first part under nor-

mal conditions, the last part with ingress tube constricted

immediately behind the valve. The ventricular trace indi-

cates that under the constriction the pressure within must

have fallen in diastole to a point relatively low. But the

striking showing is the great delay of the arterial trace,

showing about \ second, whereas the normal shows about

j^ second.
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Fig 93.

—

Effect of Mitral Contraction Shown on the Schema.

This result was a surprise ; and yet, on maturer reflection,

it does not appear inconsistent with the mechanisms involved

in mitral contraction. At the end of diastole, the ventricle

being quite relaxed and unfilled, and systole starting under

these conditions, it would progress longer than usual before

the parietes would press sufiSciently upon the contents to

force them through the aortic valves. With the mitral ori-

fice and valve normal, systole begins upon a distended ven-

tricle, the pressure rises rapidly from the start, and the

overflow into the aorta promptly begins.

Therefore we conceive that the problem will be demon-

strated in favor of the ability of mitral constriction to pro-

duce exaggerated delay of the pulse, which implies elonga-

tion of the presphygmic interval.

The following are prominent among the facts determined

by this last research :

1. The duration of the presphygmic interval is increased

in slow ventricular contraction ; infrequent pulsations ; rela-

tively high arterial pressure ; heavy aortic valves ; mitral in-

sufficiency ; and probably mitral contraction.

2. The duration of the presphygmic interval is diminished

in quick ventricular contraction ; frequent pulsations ; rela-

tively low arterial pressure ; and aortic insufiSciency.



CHAPTER VII.

DIMINUTION OF RETARDATION OF THE PULSE IN AORTIC
INSUFFICIENCY—THE INFLUENCE OF AORTIC ANEUR-
ISM AND AORTIC INSUFFICIENCY, SINGLY AND COM-
BINED, ON THE RETARDATION OF THE PULSE.

Aortic Insufficiency.

DR. HENDERSON,* in 1832, first emitted the idea

tiiat the interval between the heart's impulse and

the arterial pulse is prolonged in aortic insufficiency. Since

him others, and among them the principal authorities on dis-

eases of the heart, have accepted the view. Flint says:

" That it characterizes certain cases in which the regurgita-

tion is excessive, is not to be denied." f Walshe writes:

" This retardation may, with care, be detected in many, but

unquestionably not in ail, cases of that disease. Possibly,

where no morbid retardation can be discovered, the failure

may depend not on its absence, but on its being carried to

such extremes that the arterial pulse produced by one cardiac

systole is nearly synchronous with the next. X
" As late as

1877, M. Tripier, in a publication, § advocated the reality of

this exaggerated delay of the pulse in aortic insufficiency.

The observation appeared incontestable. The hand per-

ceived the shock of the heart, and the finger the radial pulse,

the interval between the events being noted as much longer

* Edinburgh Medical and Surgical youmal, vol. xxvii. , 1832.

t Flint's " Diseases of the Heart," 1859, p. 141.

X
" Practical Treatise on Diseases of the Heart and Great Vessels,'' Ameri-

can edition, 1862, p. 72.

§ Revue Mensuelle, p. 19.
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than in health. And the explanation of tne accepted

phenomenon came with show of reason, through the reverse

arterial current and lowered arterial blood pressure (classical)

of free aortic regurgitation. The view of an abnormal delay

of the pulse, thus supported by observation, reason, and

authority, seemed an established fact in the clinical history

of this lesion.

Nevertheless the idea is wholly erroneous, and the pulse,

so far from being unduly retarded on the systole of the ven-

tricle, is really greatly precipitated on that event in large

aortic insufificiency. Correction of the prevailing error, and

demonstration of the true chronometric relationship between

the heart and pulse, is due to the graphic method. Traces

of the heart and an artery taken simultaneously, show neatly

the beginning of cardiac systole and the beginning of the

arterial pulse, and the space separating these beginnings

marks definitely the interval between the events. Thus th^

normal interval between the heart and different arteries

being ascertained, the modification of the interval by disease

is readily noted.

In this manner Fran5ois Franck experimented on patients

affected with aortic insufficiency, and first presented his re-

sults to the Society de Biologie in March, 1878. He formu-

lated thus the conclusion of his researches : "/« large, pure

aortic insufficiency the retardation of the pulse on the beginning

of the systole of the heart is very notably diminished." Co-

temporaneously with Franck, the author also was studying,

independently, by means of the simultaneous graphic method,

the influence of different forms of valvular disease on retar-

dation of the pulse, and had demonstrated that the pulse is

abnormally delayed in mitral insufificiency, and reflecting as

to whether this delay might be contravened by any concomi-

tant condition, arrived at a conclusion which was afterwards

published in the following words :
" Nevertheless, the phe-

nomenon, though constant in pure mitral incompetency, will

probably be found wanting in cases of this lesion compli-

cated with an open state of the aortic valves ; for in the lat-
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ter condition the base of the arterial column rests against

the sides of the ventricle, instead of against the aortic

valves, and is advanced with the first movement of

ventricular contraction, thus insuring a short interval be-

tween cardiac systole and arterial expansion. . . . The
idei that aortic insufficiency produces delay of the pulse is

certainly erroneous." *

In March, 1880, opportunity presented for tracing a case

of undoubted aortic insufficiency. The result is shown in

Fig. 94.f The cardio-carotid interval measured only -^
second, and the cardio-radial ^ second.

QUiriN. AORTIC INSUFFICIENCY.

HEART

Fig. 94.

—

Simultaneous Traces in a Case of Large Aortic Insuf-

ficiency, Showing Abnormal Shortening of the Cardio-

Carotid and Cardio-Radial Intervals.

Still referring to his own researches, the author has proved

diminution of delay of the pulse in other cases of aortic in-

sufficiency, and has been able, also, to reproduce the same

result on the schema. By way of illustration, simultaneous

tracings from the schema are here presented. Fig. 95 shows

traces from the ventricle and aorta, with valves intact. The
impulses were given to the ventricle at successively increas-

ing arterial pressures. It will be noticed that after the first

pair of waves, at which the pressure was in equilibrium and

the waves are synchronous, the interval between the ven-

* Cincinnati Lancet and Clinic, March 22, 1879.

f Boston Medical and Surgical Journal, September 30, 1880.
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tricular impulse and arterial wave increases with the arterial

pressure. Thus, with the pressure at 30 inches (water

Fig. 95.

manometer), the interval is -^ second, at 50 inches yij second,

and at 65 inches -^-^ second. The traces represent normal

action and lengthening of the cardio-arterial interval under

augmentation of arterial pressure.

Fig. 96 shows the result of a repetition of the same experi-

ment, only with the important difference that the traces

were taken with the aortic valve removed, in representation

of large aortic insufficiency. Here the ventricular and aortic

Fig. q6.

waves are synchronous throughout, and, besides, show a

perfect parallelism of form.



DIMINUTION OF RETARDATION OF .THE PULSE. 163,

Franck also experimented on animals, producing in them
artificial insufficiency of the aortic valves, and proved

the same diminution of the pulse-retardation observed as in

man.

Thus experiments on man, on animals, and on the schema
all concur in proving diminution of delay of the pulse in

aortic insufficiency. The testimony is ample and complete,

and establishes the fact beyond, question. The acquisition

is one of the triumphs of the graphic method, and affords a

striking illustration of its power to redeem from error which

otherwise had been perpetuated, and reveal the truth which

otherwise had not been known.

The Mechanism of the Phenomenon.

The next inquiry relates . to the mechanism of the phe-

nomenon. The conditions concerned that influence the

measure of the delay of the pulse are (i) states of arterial

blood pressure
; (2) states of the arterial coats as to elasticity

or stiffness
; (3) modes of ventricular contraction ; and (4}

relative states of ventricular 'and aortic blood pressure.

1. It has been found that, other things being equal, the

rate of propagation of the pulse-wave tends to increase with

increase, and decrease with decrease, of arterial blood-

pressure. Recent investigations, however, show that such

modification from such cause is small at best, and frequently

fails to manifest. In aortic regurgitation the mean arterial

pressure is usually diminished, yet not unfrequently, when
the lesion is well tolerated, the pressure maintains, or even

rises above, its normal level. This cause, then, of modifica-

tion of pulse transmission, would operate either against, or

inadequately for, the production of the greatly abbreviated

interval.

2. No fact in this relation is better established than that

the velocity of the pulse wave is proportional inversely

to the elastic extensibility of the arterial walls. In aortic

insufficiency great expansion of the arterial walls is a notable
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phenomenon. This is due to the enlarged and hypertrophied

ventricle sending into the arterial system at each systole a

large volume of blood, which distends the vessels, and in

diastole escaping backwards permits corresponding retreat

of the walls. The walls themselves may not be more relaxed

or extensible than ordinary, and theiact is the coats are often

pervaded with atheromatous material, rendering them less

yielding than in normal condition. However, in the absence

of indurative changes, the parietes under the strain become

-dilated and thinned, and more yielding, unless fortified by

developing hypertrophy of the muscular layers. Then no

constant stiffening of the arterial walls obtains in aortic in-

sufficiency on which can be predicated the very early appear-

ance of the pulse in this lesion. But even if the walls were

of brass, this cause of quickened transmission could not of

itself account for the great precipitation of the carotid pulse,

inasmuch as the reduction considerably exceeds the entire

transmission interval between the heart and carotid point.

3. The mode of ventricular contraction, as quick or slow,

exerts a marked influence on the amount of delay of the

pulse. The author's recent experiments have shown this,

but they have also shown that the modification is confined

alone to the presphygmic interval of the systole of the ven-

tricle. Contrary to the conclusion of some other observers,

the author's results demonstrate that the velocity of the pulse

wave is not in the least modified by the quickness or slow-

ness of ventricular contraction. The ventricular presphyg-

mic interval is notably shortened by a quick and lengthened

by a slow contraction of the ventricle. In aortic insufficiency,

although the coexisting hypertrophied left ventricle contracts

with corresponding energy, there is no evidence that its initial

systole is quicker than in normal action. Then mode of

systole, notwithstanding its modifying potency, cannot cer-

tainly be invoked in explanation of the phenomenon in

question.

4. It is the excess of blood pressure in the aorta over that

in the ventricle at the beginning of systole that measures
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with certainty the interval between the beginning of ventric-

ular contraction and that of the aortic pulse. When aortic

valves are intact this interval lengthens with increase and

shortens with decrease of this excess; and if the pressures

should be in equilibrium the two events will begin simul-

taneously. (See Fig. 95.) But when the aortic valves are

permanently open, the pressures in the ventricle and aorta

are always in equilibrium at the beginning of systole (the

two cavities being in one), whether the mean pressure be low

or high. In consequence of this oneness or equilibrium of

pressure the heart's impulse and aortic pulse will be syn-

chronous. (See Fig. 96.)

The transmission interval between the aortic orifice and

point of observation of the carotid pulse is comparatively

short, not averaging more than half the duration of the

cardio-aortic or presphygmic interval. Thus, by meas-

urements, the first averages .026 second, and the last .054

second, with pulse rate at 75. In permanently patulous

aortic valves the larger presphygmic interval is practically

obliterated, while only the smaller cardio-carotid transmis-

sion interval remains as the delay of the carotid pulse on the

heart.

The above is the true explanation, and to the author is

due the credit of its first recognition and announcement.

Franck at first did not grasp the mechanism of the phe-

nomenon he had proved, but vainly endeavored to account

for it by the theory of accelerated transmission of the pulse

wave. His later deliverances, however, on this point, are

in perfect accord with the true rationale here set forth.*

It is easy to explain the fallacy of an exaggerated delay of

the pulse on the systole of the ventricle in aortic insufifi-

ciency. The enlarged ventricle suddenly filling from both

the aorta by reverse and the auricle by direct flow, com-

municates a shock so marked as to be mistaken for systole.

This impulse occurring in the first part of diastole, and pre-

ceding the arterial pulse at such distance, gives the impres-

*Compt. Rend, de la Societe de Biologic, 27 Janvier, 1883.
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sion of enormous delay of the pulse. In Fig. 96 the length

and steepness of the diastolic ascents show how easily the

diastolic impulse would be taken for the systolic beat. The
fallacy arose from an error of observation, which the graphic

method was needed to correct.

The Diagnostic Value of the Phenomenon.

Excessive diminution of delay of the arterial pulse, nota-

bly the carotid, is a sign of the highest importance in large

aortic insufficiency. No other condition, or combination of

conditions, except one to be considered, is capable of produc-

ing such marked precipitation of the pulse on the heart. The
exception consists in the combination, found, only in" fever,

of quick systole and tendency to equilibrium of ventricular

and aortic blood-pressures, these conditions also invariably

associated with frequent pulsations. The febrile condition,

then, with quick cardiac systole, frequent pulse, and low ar-

terial blood-pressure, is capable of reducing the cardio-caro-

tid interval,' the same as aortic insufficiency, to the value of

the transmission time. These factors, when present, are well

declared, and in their absence the graphic sign is pathogno-

monic of the lesion in question. In positive value it outranks

diastolic basic murmur ; which, as is well known, may originate

in the aorta without regurgitation, or again with only slight

regurgitation, which takes place in the first part of diastole,

whilst the altered valves are falling into position of closure.

Besides, there is difficulty sometimes in distinguishing be-

tween aortic regurgitant and mitral direct murmur of the

first part of diastole.

As to default of this sign, in large aortic insufficiency it

never fails, except perchance in the presence of an extensible

aneurism of the first part of the aorta. The fact that an

aneurism with yielding walls produces delay of the distal

pulse has been well established in these recent years. Then,

in a case of large aortic insufficiency, complicated with a

yielding aneurism of the ascending aorta, the precipitating
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effect of the valvular lesion would be more or less counter-

balanced by the retarding effect of the aneurismal pouch,

and the carotid pulse would observe, or approach, the nor-

mal amount of delay. If aortic aneurism be eliminated,

the presence of abnormal precipitation of the carotid pulse

is conclusive, in any case, of an open state of aortic

valves.

From this declaration it is plain that the author does not

admit, with Frangois Franck, default of the sign in the

presence of concomitant cardiac valvular lesions. Coexist-

ing aortic stenosis would give the characteristic sloping

ascent, but the beginning of the pulse would be in no wise

delayed. This has been demonstrated on man and the

schema. Mitral regurgitation coexisting, auricle, ventricle

and aorta would constitute one cavity, with blood pressure

in equilibrium at the end of diastole, and the blood would

be as promptly sent forward into the aorta as in pure aortic

insufficiency. Nor could mitral contraction, if present with

aortic insufficiency, cause any delay of passage of blood from

the ventricle, as the pressure in the latter at the end of

diastole would always be equal to the aortic pressure. Hence,

whatever the cardiac complication, there is no failure of ab-

normal precipitation of the beginning of the pulse as a sign

of permanent aortic insufficiency.

But the fact must not be lost sight of that this sign, so

positive and constant in large aortic insufficiency, will fail to

manifest in the form of incomplete lesion, in which the

valves permit of regurgitation in the first part, but effectu-

ally close in the last part, of diastole. In this state of things,

when systole begins, the valvular barrier and excess of aortic

blood pressure being present, time is lost in overcoming the

resistance, and abnormal precipitation of the pulse fails to

occur. However, default of the sign in incomplete insuffi-

ciency is more than compensated in diagnostic import, in

that the absence of abnormal pulse precipitation in a case of

aortic regurgitation, certainly diagnosticated by the ordinary

physical signs, would indicate a partial and not complete in-
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sufficiency of the valves ; and, aortic aneurism excluded,

would be conclusive of this distinction.

In r^sum^

:

1. Abnormal diminution of the retardation, or, in other

words, abnormal precipitation of the arterial pulse, notably

the carotid, on the systole of the ventricle in large aortic

insufficiency, is a fact positively established, the phenomenon
depending purely upon extinction of the normal ventriculo-

aortic, or presphymic interval. Hence the phenomenon be-

comes an important diagnostic sign of this lesion.

2. The presence of the sign is positive evidence of the ex-

istence of the lesion, provided only there is no quick febrile

movement in the case.

3. Default of the sign does not occur in the presence of

concomitant cardiac lesions, but occurs only in the presence of

a yielding aortic aneurism. Hence,

4. Absence of the sign is positive evidence of absence of

the lesion, provided only there is no aortic aneurism in the

case.

5. If the diagnosis of aortic regurgitation is otherwise cer-

tain, absence of the sign, aortic aneurism eliminated, is posi-

tive evidence of the incomplete nature of the insufficiency.

The Influence of Aortic Aneurism, and Aortic Insufficiency

y

Singly and Combined, on the Retardation of the Pulse.

" L'anevrisme de la portion initiale de I'aorte coexistant avec

une insufifisance aortique large, on n'observe pas Texag^ration

g^ndrale du retard du pouls qui est caract^ristique de l'anevrisme

si^geant a ce niveau ; I'lnfluence retardatrice de Tanfevrisme est

contre-balanc6e, par I'influence inverse de I'insufifisance aortique ;

la resultante de ces deux effets opposes qui se combinent, est la

conservation de la valeur normale ou presque normale du retard

du pouls."*

In the above paragraph Francois Franck states in effect

three distinct propositions

:

*Journal de I'Anat. et de la Physiol,, t. xv. (Mars-Avril, 1879).
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(i) Aneurism of the ascending portion of' the aorta in-

creases the retardation of the pulse above the normal value.

(2) Large insufHciency of the aortic valves diminishes the

retardation of the pulse below the normal value.

(3) The coexistence of aortic aneurism with large aortic

insufficiency causes the retardation of the pulse to preserve

the normal, or nearly normal, value.

The truth of the first proposition has been sufficiently

attested by Frangois Franck's and the author's researches.

That aortic aneurism produces abnormal delay of the pulse

is no longer a question, but remains as one of the great facts

of clinical sphygmography.

In regard to the second proposition, Frangois Franck first

insisted on theoretical grounds that the pulse would appear

earlier than normal in the condition of large aortic insuffi-

ciency, and afterwards was able to produce clinical cases in

proof of the correctness of the view. The author also, be-

fore he had known of M. Franck's researches, had arrived

by a priori reasoning at this same conclusion, and, in sub-

stantiation, places on record the following case :

—

Cincinnati Hospital. Service of Dr. C. G. Comegys.

Quinn, age thirty-two years. Diagnosis, aortic insufficiency,

with hypertrophy of left ventricle. Graphic records taken

March 27, 1880, as shown in Fig. 94. No. 76 shows simul-

taneous tracings of the heart and right carotid, and No. "]"]

of the heart and left radial ; the corresponding time in each

also is shown. By very careful measurement the delay of

the carotid pulse on the heart is placed at one thirty-second

of a second. The normal delay with pulse rate at 103, as in

this instance, would be about twice this interval. The cardio-

radial interval is shown to measure one eleventh to one

twelfth of a second. The normal interval would be not

less than one eighth of a second.

This was a plain case of free aortic regurgitation, and the

graphic records can only be regarded as demonstrating a

greatly abbreviated cardio - arterial interval as the direct

effect of the aortic insufficiency.
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What is the explanation of this interesting fact? In large

aortic insufficiency the base of the arterial column rests

against the sides of the ventricle instead of against the

aortic valves, and is advanced, causing rise of the pulse

with the first movement of ventricular contraction. The
result is due to shortening or near extinction of the pre-

sphygmic interval.

The velocity of the pulse-wave in this case was rapid

indeed, as shown in No. 78, where the time difference be-

tween the carotid and radial pulses measures about one

nineteenth of a second. But the greatest possible reduc-

tion of the cardio-carotid transit interval would signally fail

to account for the great reduction here instanced of the

cardio-carotid interval. Therefore the reduction must have

been due to marked abbreviation of the presphygmic interval.

In practical value this fact, it is believed, stands first

among the list of clinical facts brought to light by the

graphic method. It stands as the exponent of large aortic

insufficiency. This condition and no other will produce

abnormal precipitation of the pulse on the heart.

In this connection, however, it is important to observe that

the phenomenon und^r consideration will only be manifest

in complete (large) insufficiency of the aortic valves—the

condition in which they are permanently open,—and the be-

ginning of ventricular systole finds no barrier between the

blood in the ventricle and the blood in the aorta. The con-

dition of partial insufficiency, in which the valves permit

reflux for a time after the beginning of diastole, yet finally

close so that the beginning of systole finds the barrier intact,

will not signal the phenomenon.

The third proposition is necessarily deducible from the

two preceding. If aortic aneurism causes retardation of the

pulse, and aortic insufficiency causes precipitation of the

pulse, then the conjoint action of the two conditions would

counteract each other, and cause the succession of the pulse

on the heart to approximate more or less nearly the normal

time.
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The following case is given in exemplication of this inter-

esting and important fact

:

Charles Gardner, aged fifty-six years, came under notice

in November, 1878, presenting the following symptoms
and physical signs : General weakness, dyspncea on ex-

ertion, inability to lie down, pains in chest, back of

head, left side of neck, and left shoulder
;

pulse to

fingers strong, full, frequent, and regular ; heart's impulse

increased ; area of cardiac dulness increased
;
pronounced

double murmur heard over front of chest and in the

back ; the systolic accentuated at the right base, and

conducted towards right clavicle ; the diastolic also ac-

GAKDNER. AORTIC ANEURISM WITH AORTIC INSUFFICIENCT.
JQ

Nov. 28, 1878

HEART.

_/i—«_«_

SO B(Hr.23.18r8

HEART.

Fig. 97.

centuated at right base, but propagated downwards over

body of left ventricle ; murmur but faintly heard at

apex ; at the site of the right subclavian pulse, above the

clavicle, a pulsating tumor the size of a pigeon's egg ; also

visible, but less prominent, pulsation of left subclavian.

Graphic observations with the compound sphygmograph

were taken November 28th. Samples of the tracings are

here faithfully reproduced. In Fig. 97, No. 79 shows the

heart and right subclavian tumor ; No. 80, the heart and

right carotid ; in Fig. 98, No. 81, the right subclavian and left
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81 Nov. 28, 187

R. SUBC.

82 '^°'^- 28. 1878

A ., LRAD. ,A

Fig. 98.

radial ; and No. 82, the two radials,—each pair taken simul-

taneously, with accompanying time in fifths of seconds.

In December, 1879, ^^^ ^^^^ ^^s noted again. There had

been progressive decline, the pains had become more severe

and persistent. The action of the heart and arteries had

greatly diminished, and the pulsations become more frequent.

The subclavian pulsations had subsided within normal limits.

The evidences of enlarged heart, and the murmurs, with the

same characters, continued ; and in addition feeble undula-

tions were perceptible in the second right interspace near the

sternum, and in the first and second left interspaces. Also,

the voice at times showed failure, and the power of degluti-

tion was not always perfect. December 20th, tracings were

obtained as shown in Fig. 99, Nos. 83 and 84 ; again, Jan-

83 Dec. 20, 1379

lA HEART.

84

HEART.

Fig. 99.
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uary 7, 1880, as shown in Fig. 100, Nos. 85 and 86, and

January 17th, as shown in No. 87.

jBa.7.1680

lA HEART. .

86 Jan. 7. IStkl

HEART.

S7 Jan. 17. 1880

L RAD. ^

Fig. 100.

The patient continued to decline, and died July 13th,

1880, right hemiplegia setting in a day or two previous to

his death.

At the post-mortem were present Drs. Isham, Freeman,

and Barrows. The following are the notes : Pericardium

contained several ounces of fluid. Left ventricle hyper-

trophied, walls fully one inch thick. Mitral valves, with the

exception of slight thickening towards the base, healthy

;

evidently fully competent during life. Aortic orifice en-

larged ; aortic valves thickened, corrugated, and calcified

throughout ; evidently wholly incompetent during life. As-

cending aorta greatly dilated, atheromatous, and studded

with calcareous matter. Transverse portion of arch the seat

of a large aneurism. The sac projected from the anterior

superior portion of the wall, and was attached to the upper

portion of the sternum, the left clavicle, and first left rib, and

pressed upon the trachea and oesophagus. It was full three

inches in interior diameter ; its walls were soft and flabby,

about the thickness of normal left auricular parietes. The

surface of the sternum, against which the tumor pressed,

was eroded, and about half its thickness removed ;
also, there

was erosion of the sternal end of the left clavicle and first

left rib. A mass of laminated fibrine the size of a walnut



174 SPHYGMOGRAPHY.

occupied the distal portion of the sac and projected into the

descending aorta. The latter was also much dilated. The
innominate and first part of the right subclavian were dilated

to about twice the normal diameters. The right and left

common carotids and left subclavian were about normal

size. Both auricles, the right ventricle, and right-side valves

were normal.

This case was complete, and a typical one of combined

aortic aneurism and aortic insufficiency. The sphygmo-

graphic records were also complete. The latter we examine

with interest, especially at present, with reference to the suc-

cession of the arterial pulses on the systole of the ventricle.

Evidently aneurism, as in the present case, of the transverse

portion of the arch, involving the origins of the three great

arteries, namely, innominate, left common carotid, and left

subclavian, entails the same effect on the succession of the

pulses as aneurism of the ascending portion only ; that is,

the pulses are all abnormally delayed, and the symmetrical

pulses of either side are equally delayed.

The tracings were taken and the successions measured

with the greatest care ; so the intervals expressed on the

plates are reliable, and must approximate throughout very

closely the true ones. The showings are as follows

:

November 28, 1878. No. 79. Pulse rate 66-60. Cardio-subclavian interval

.log second (average).

No. 80. Pulse rate 52-51. Cardio-carotid interval .112 second.

December 20, 1879. No. 83. Pulse rate 82-So. Cardio-carotid interval

.0833 second.

No. 84. Pulse rate 82—80. Cardio-radial interval .1666 second.

January 7, 1880. No. 85. Pulse rate 87-80. Cardio-subclavian interval

.0833 second.

These measurements are sufficiently near the normal. In

the variations of the time differences, however, there was

noticed a bearing towards the longer time, and the average

of all the observations, of which a portion only are shown,

would indicate rather longer time than obtains in strictly

normal conditions, but" not sufficiently prolonged to exceed
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the healthy range or permit the counting of such delay as a

definite indication. Then in this case the coexisting aortic

aneurism and aortic insufficiency so counterbalanced each

other that the retardation of the pulses on the heart was
within the normal range.

According to the size and yielding nature of the aneurism

must be the amount of delay impressed upon the pulse. An
aneurism may be such in these respects as to cause a delay

that would overbalance the precipitation entailed by the

aortic insufficiency. On the other hand, the conditions may
be reversed, and a large aortic insufficiency entail a precipi-

tation that would overbalance the delay caused by the aortic

aneurism. However, when the two conditions coexist, the

delay will never be so great as to definitely favor the wrong
diagnosis of aortic aneurism alone, nor so small as to defi-

nitely favor the wrong diagnosis of aortic insufficiency alone.

If the diagnosis of aortic aneurism be certain, and the pulse,

notably the carotid or subclavian, shows no abnormal delay, the

conclusion is justified that aortic insufficiency coexists. If the

diagnosis of large aortic insufficiency be certain, and the pulse,

notably the carotid or subclavian, shows no abnormalprecipita-

tion, the conclusion is positive that aortic aneurism coexists.

So in this case the ordinary signs and symptoms, at the

first examination, were sufficient to determine the presence

of large aortic insufficiency. Accepting this, the want of

abnormal precipitation of the carotid and subclavian pulses

enabled the author to arrive at the diagnosis of coexisting

aortic aneurism before there were any other indications of

this condition.

As of interest relating to the localization of aortic aneur-

ism : No. 82 shows the two radial pulses simultaneous,

which proves that the aneurism was seated in the ascending

portion anterior to the origin of the innominate, or that it

was seated in the transverse portion so as to include the ori-

gins of both the innominate and left subclavian (and of

course also the left common carotid). No 87 shows the left

radial as compared with the right femoral slightly delayed.
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This is the more usual normal relationship of these pulses,

and proves that the aneurism was anterior to the origin of

the left subclavian artery. Evidently, had the aneurism

been below the origin of the left subclavian, the femoral

would have shown delay as compared with the radial. No.

86 shows that the pulsation in the second left interspace

succeeded the cardiac pulsation about .0714 of asecoBd,and

therefore aided the diagnosis of aneurism as located.

No. 80 is given to show a very ample and finely delineated

radial pulse, and the rate of transmission of the pulse-wave

between the subclavian and radial points under the condi-

tions then existing in the case. The time difference meas-

ures .108 second, which indicates a rather slow pulse-wave

transmission. If this be compared with the carotid-radial

interval in the case of Quinn, namely, .052 second, as shown

in No. 78, a remarkable difference becomes apparent in the

pulse-wave velocity of the two cases. The causes of this di-

versity are to be found in the dissimilar conditions which

pertain to the respective cases.



CHAPTER VIII.

RETARDATION OF THE PULSE IN MITRAL INSUFFICIENCY
—ENORMOUS RETARDATION OF THE PULSE FROM
MITRAL INSUFFICIENCY, AORTIC ANEURISM, AND
HEAVY AORTIC VALVES.

THIS subject, in its inception and literature, seems

to belong entirely to the author. For although

none would question the importance of a new diagnostic

sign of a lesion so common and grave as mitral insuf-

ficiency, and whose diagnosis by means of the old signs

is not always infallible ; and although he presented to

the profession some years ago demonstrations of this

phenomenon of mitral regurgitation, which to him were

conclusive, the announcement has attracted but little at-

tention ; his observations have neither been confirmed

nor disproved by others, and two writers only have

noticed them. Dr. A. B. Isham, in presenting the value

of the graphic method from the point of view of ex-

aminations for life insurance, accepts abnormal delay of

the pulse as a valuable sign of mitral regurgitation.*

And M. P^Iix in his inaugural thesis on retardation

of the pulse, quotes largely and approvingly from the

author's published reports, f These papers contain all that

has been contributed upon the subject by others than the

author.

Evidences of the reality of the phenomenon are drawn

(i) from a consideration of the mechanism of mitral insuffi-

* American Journal of the Medical Sciences, July, 1882, p. 119.

\, Paris, 1882.

177
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ciency
; (2) from experiments on the schema

; (3) from ex-

perimental observations on man.

Examining the question first from the point of view of the

mechanism of mitral insufficiency, we shall find a convincing

a priori argument in favor of abnormal delay of the pulse

as a direct effect of this lesion. Under normal conditions

with mitral valve intact, the heart is a perfect organic

pump, the left ventricle alternately and duly receiving and

sending out blood. When the ventricle contracts, the

pressure within becomes positive in relation to the arterial

and auricular,"^ which insures the prompt closure of the

auriculo-ventricular valve, and immediately thereupon the

opening of the aortic valves and escape of blood into the

aorta.

When the ventricle relaxes, the pressure becomes negative

with respect to the arterial and auricular, and the blood

.

flows freely in from the auricle, but is prevented doing so

from the artery by closure of the similunar valves. Auricular

systole raises somewhat the diastolic intra-ventricular pres-

sure, but the moment of beginning systole finds a consider-

able excess of pressure on the side of the artery. The time

required to overcome this excess after the beginning of ven-

tricular systole measures the duration of the ventriculo-

aortic or presphygmic interval, which under the normal con-

ditions will give a normal value.

Thus all goes smoothly on ; the rhythmic succession of

contraction and relaxation, of valvular opening and closure,

of inflow and outflow of blood, and all the events of a car-

diac cycle in harmony with each other in time and status

and movement.

But when the mitral valve is permanently open the har-

mony is no longer preserved. The ventricle fills in diastole

even more promptly and completely than in normal condi-

tions, in consequence of falling into it of blood from the

surcharged auricle ; but in systole the blood is first sent

backwards through the open valve into the relaxed auricle.

This process fills the auricle and pulmonary veins and dams
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back the blood towards the lungs. The retrograde current,

however, is soon arrested by meeting the direct current from

the right ventricle, whose systole is synchronous with the

left, and whose tricuspid valve is intact. Thus the pressure

within the left ventricle and auricle (now one cavity) finally

becomes positive with respect to the aortic pressure, and for

the remaining part of the systole blood escapes into the

aorta. From this it follows that the time and work of each

systole is consumed in first driving the blood backwards, and

only a part of the systole is effective in driving the blood

into the general arterial system. The effect of this condition

of things upon the arterial pulse is to postpone the time of

its appearance and lessen the volume of its wave ; the cardiac

systolic portion is shortened relatively to the length of the

cardiac systole. If the heart maintain its vigor the pulse

may still feel sharp to the fingers and its sphygmogram give

a steep ascent and pointed summit
;
yet it quickly vanishes

to the fingers, and, as shown in the trace, it lacks duration,

as compared with the duration of the systole which has sent

it forth. If the heart passes into irregular action there will

be systoles without arterial pulsation, and pulsations present-

ing a great variety in form and in time. The many and

grave ulterior pathological sequences will not be followed,,

as the immediate mechanism is all that concerns the present

study.

If the above, sketch of the mechanism of mitral insuffi-

ciency be truly drawn, the conclusion inevitably follows that

abnormal delay of the pulse is an essential phenomenon of

the lesion.

Experiments on the Schema in Illustration and Evidence.

Passing next to the results of experiment, there is first

offered those obtained with the schema. It is well known

that the mechanical action of the circulation can be well

imitated by means of a good working schema. With such a

device connected with the transmission tubes of an appa-
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ratus for simultaneous inscriptions, traces were obtained at

the same time from the interior of the ventricle and interior

of the aorta. The intra-ventricular pressure in diastole was

maintained at four inches, and the intra-aortic at twenty

inches (water manometer). The ventricle was compressed

and decompressed in a uniform manner for all the experi-

ments. The conditions were varied only with respect to the

mitral valve. The instant of ventricular impulsion and that

of the aortic wave were signalled by the ascents of the traces,

and the time difference between these ascents was easily

computed by the accompanying chronogram. Experiments

were first made with the mitral valve intact, representing

normal conditions. No. i, Fig. roi, is a fair example of the

results. Delay of the aortic wave, ^-^ second.

No. I. No. 2.

Fig. ioi.

No. 3.

Another series of experiments was made with a large

mitral opening, of which No. 2 shows an average result.

Aortic delay,
-f-
second—more than three times as long as the

result with intact valve;

A third series of experiments was made with a compara-

tively small mitral opening, with result shown in No. 3.
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Aortic delay, ^ second, which is seen to be intermediate

between the other two.

These results well illustrate the retarding effect of mitral

insufficiency on the time of the pulse-wave, and the addi-

tional significant fact that the retardation is in proportion

to the size of the mitral opening. Indeed, in view of the

careful manner in which the apparatus was prepared and the

experiments conducted, together with the analogy in all es-

sential points for our purpose between the schema and
heart, these results may be admitted, also, as veritable

demonstrations of the phenomenon and phases under con-

sideration.

Experiments on Man.

The subject remains to be further elucidated by the re-

sults of experimental observations on man.

In order to appreciate chronometric discrepancies between

the heart and pulse, it is essential that the normal cardio-

arterial time-relations should be well established. This has

been done. The interval between the beginning of ventric-

ular systole and the carotid pulse has been found, after a

great many observations and measurements, to average

about -^ second with pulse rate at 72. The normal range

of variation with this pulse rate may be placed between ^
and ^ second. It has been determined that the interval

bears a relation to the pulse rate, so that a frequency of 120

would give an interval perhaps not more than half as long

as a frequency of 60 per minute. Also, investigations have

shown that the causes of the variations with the pulse rate

are changes in the mode of ventricular systole and variations

of the arterial blood pressure relative,to the ventricular. In

frequent pulsations, the systoles being quicker, and the

arterial pressure relatively lower, the cardio-carotid interval

would be correspondingly shortened. The rule is this : the

cardio-carotid interval for a pulse frequency between 60 and

120 varies inversely with the pulse rate ; so in estimating
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what would be a normal interval in a given case, the rate of

the pulse must always be taken into account.

The interval between the heart and more distant arterial

points, as the radial, femoral, or posterior tibial is compli-

cated by the element of transmission time of the pulse-

wave, which is also subject to variations ; but the transmis-
.

sion interval between the aortic orifice and carotid point is

so short, compared with the whole cardio-carotid interval, as

measured, that its variations are not appreciably apparent.

Hence the importance of choosing the carotid or subclavian!

for observing the cardio-arterial time interval. -'

The cardio-carotid interval, then, is practically the pre-

sphygmic, or time elapsing between the beginning of ventric-

ular contraction and opening of the aortic valves, and varia-

tions of delay of the carotid pulse are virtually variations in

the length of the presphygmic interval.

With these data concerning the physiological duration

and variations of the cardio-carotid interval we are prepared

to signal and appreciate the changes effected by conditions

of disease.

Our immediate study concerns delay of the pulse in

mitral insufficiency. The only clinical data we possess

relating to this point have been furnished by the author's

researches.

The first observation was made in July, 1877, on a boy,

aged nine years, who suffered from mitral insufficiency, and

subsequently dying, a post-mortem revealed in his case a

pure mitral regurgitant lesion without any other valvular

change. His pulse at the time of observation was 100 per

minute. Simultaneous traces of his heart and carotid gave

an interval of ^^tj- second, when about -^ second would have

been his normal interval with his pulse rate. Also simulta-

neous traces of his heart and radial gave an interval

of a little less than ^ second ; and the same of the heart

and posterior tibial a little more than ^ second ; both the

latter also abnormally long. These results are shown in

Fig. 102.
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Soon after this case another was traced; a young man,
aged twenty years, who presented all the diagnostic signs of

mitral insufficiency. Simultaneous traces were had of his

Fig. 102.

heart and radial, which gave an interval of ^ second, with

pulse rate at 80. If we deduct from this interval -jJj- second,

as an average carotid-radial transmission time, we get a value

between
-J-
and ^ second as the approximate cardio-carotid

interval in this case. The normal interval with pulse at 80

would be near -^ second. Traces shown in Fig. 103.

i 7.

B

^
1

! \ I
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fact that the pulse is abnormally delayed in mitral regurgi-

tation. But as demonstrations are more conclusive than

mere statements of results, the simultaneous cardio-arterial

traces (with accompanying chronogram in fifths of seconds),

from a number of patients presenting diagnostic signs of

mitral regurgitant lesion are here produced.

The cardio-arterial intervals in all these cases of mitral

insufificiency are abnormally great
;
greater than those ob-

tained from persons in health, or from those affected with

any process of disease which does not involve pulse-retarding

lesion of the heart or aorta. In the absence of such lesion,

no series of cases with corresponding pulse frequencies can

be produced which will show such an amount of pulse

retardation.

No. 6.

Fig. 104.

No. 7.

Fig. 104, Nos. 6 and 7, are from Jennie M., aged eleven

years. She had suffered with chorea and recurring rheuma-

tism, and her heart had become seriously affected. It was

enlarged, and emitted a loud murmur, which was distin-

guished as mitral regurgitant. No. 6 was taken during an

acute attack, in the presence of fever, pulse rate 140. No.

7 was taken after subsidence of acute symptoms, pulse

rate 1 14.

Some months subsequently the girl experienced a new
attack, with grave cardiac implication, under which she died.
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The post-mortem revealed pericarditis old and new, with ad-

hesions and liquid effusion
;
general enlargment of the heart,

especially hypertrophy of the right side ; notable insufficiency

of the mitral valve, the result of inflammatory thickening

and contraction ; the other valves normal.

Fig. 105.

Fig. 105 is from Mary M., next younger sister of Jennie,

also aged eleven years at the time of observation. She

became affected with chorea and subacute rheumatic symp-

toms, and when first seen her heart was notably enlarged,

and there was present a distinct apex systolic murmur. She

had slight fever, pulse rate 114. Carotid delay shows -jij^

second against ^, which would be about her normal interval.

Fig. 106.

Fig. 106 is from Emma O., who presented an apex sys-

tohc murmur, which supervened during an attack of scarlet
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fever, and persisted after recovery from that disease. At
the time of observation, June 22, 1883, the murmur and
pulse delay were the only indications of cardiac lesion. She

remains well to the present time.

No. 10. Fig. 107. No. II.

Fig. 107, Nos. 10 and 11, are from Mrs. E., aged thirty

years. She was taken with praecordial soreness and a dry,

hacking cough, and, when seen a few days afterwards,

betrayed a marked apex systolic murmur. Tracings show
the cardio-carotid interval to be \ second with pulse rate at

80, and the cardio-radial interval to be ^ second.

No. 12. Fig. 108. No. 13.

Fig. 108, Nos. 12 and 13, are from Lizzie R., aged twenty-

four years, hospital case, presenting apex systolic murmur.

Delay as shown.
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Fig. 109, No. 14, is from Geo. B., aged twenty-seven years,

presenting apex systolic murmur. Delay as shown.

Fig. 109. No. 15.

Fig. 109, No. 15, is from J. B., aged twenty-eight years,

hospital case, with diagnosis of mitral regurgitation and car-

diac hypertrophy. At the times the traces were taken he

was under a febrile paroxysm. Indications and delay as

shown.

Fig. no, No, 16, is from J. T., aged fifty years, a hospital

patient, with cardiac enlargement and apex systolic murmur.

Pulse delay and pulse rate as shown.

No. 16. Fig. iio.

No. 17 is from Sam T., aged twenty-eight years, who pre-

sented the signs of mitral insufficiency.
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Fig. Ill, No. i8, is from J. C, a hospital case, with well-

marked signs and symptoms of cardiac hypertrophy and

mitral regurgitation.

No.-i8. Fig. in. No. 19.

No. 19 is from Chas. C, aged eighteen years, with indica-

tions of mitral insufficiency.

Fig. 112.

Fig. 112 is from a man in health, aged fifty-four years.

The first traces were taken when the circulation was quiet,

pulse 82 ; the second traces when the circulation was ac-

celerated as consequence of exercise, pulse 130. In this

figure the pulse delay represents the normal amount. It

measures, in fractions, a little less than -j^ second, with pulse

at 82, and a little less than -^-^ second, with pulse at 130.
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Having thus shown that the mechanism of mitral insuf-

ficiency includes increased delay of the pulse as one of its

essential phenomena, and demonstrated the constant re-

lationship between the lesion and phenomenon, both on the

schema and man, the proposition is submitted as proven, and

the fact as true beyond a doubt.

Diagnostic Value.

In undue retardation of the arterial pulse on the systole

of the ventricle we have a special and highly diagnostic sign

in mitral insuflficiency. In this lesion, when pure and effec-

tive, the sign is always present, and fails to manifest only

when the lesion is so slight as to cause no functional dis-

turbance, or when complicated with large insufficiency of

the aortic valves. In the condition of harmless regurgita-

tion through the mitral valve the retardation of the pulse

remains normal, because the conditions are virtually normal

;

in the complication stated the retardation is abnormally

diminished, for the reason that the aorta, ventricle, and

auricle are as one cavity, with blood pressure in equilibrium

at the end of ventricular diastole, and the beginning of sys-

tole starts a current forwards into the artery as well as back-

wards into the auricle. Thus in mitral, complicated with

free aortic, insufficiency, instead of abnormal delay, there is

abnormal precipitation of the pulse. These are the only ex-

ceptions to the rule, that the sign is present when the lesion

is present.

What other conditions besides the prime one considered

are capable of determining undue retardation of the pulse ?

Slowness of ventricular contractio'n, and relatively high

arterial pressure are known causes of prolongation of the

presphygmic interval, but these causes are considered to

produce only the normal extreme of prolongation.

I . There are good reasons to believe that mitral stenosis

independent of insufficiency is capable of causing a delay

which may exceed the normal limits. The mechanism, and
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experiments on the schema favor this view ; besides, not

long since, a case was traced presenting the presystolic

murmur and other clinical features of pure mitral stenosis

and the cardio-carotid interval found unduly long. If this

fact should become established, it will be found that the

delay, unless in extreme narrowing, will not be as great as in

mitral regurgitation, and that the sign will not manifest at

all in moderate or even considerable contraction, for it would

require a very small opening to prevent the ventricle from

duly filling during diastole, which would be requisite to in-

sure the production of the sign. Even admitting the fact

of the relationship, the sign can have nothing like the

diagnostic significance in mitral constriction that it has in

mitral regurgitation.

2. Rarely, increased delay may be produced by a " lock-

ing " of pathologically changed aortic valves. This condi-

tion is uncommon, but may obtain when the valves are stiff

and thickened, and, notably, when loaded with calcareous

masses. They close with a species of locking and are forced

open only after a prolonged effort qf the ventricle.

3. It has been well established that an intervening thin-

walled distensible aneurism of the ascending aorta may
cause increased delay of the distal pulse, but that if the

aneurism have resisting walls, even though it be large,

there is no increased delay. Evidently, if the pulse could

be traced on the proximal side of the pouch, which is im-

practicable in man, the delay would not obtain.

The conditions have now all been named in which there

is a possibility of undue delay of the pulse being produced

by other causes than mitral insufficiency. With the latter

all are serious organic lesions of which abnormal delay of

the pulse may be a common product.

The sign then, although always present in pure, effectual

mitral insufficiency, is not of itself pathognomonic of this

lesion, since it may be present, also, in other organic condi-

tions. Here the stethoscope comes beautifully to the aid of

the graphic instrument, and in the union of the apex systolic



RETARDATION OF THE PULSE. 191

murmur of the one and the pulse-delay of the other, our diag-

nosis is perfected.

The graphic sign compared with apex systolic murmur.—
Systolic murmur located at the left apex is the physical sign

above all upon which turns the diagnosis of mitral insuffi-

ciency. Yet all know there may be free regurgitation with-

out murmur, and insignificant harmless regurgitation with

loud murmur, and that no direct relation subsists between
the amount of regurgitation and the intensity of this auscul-

tatory sign. Also is it well-known that apex systolic mur-
mur may be distinctly present and the mitral valve be func-

tionally perfect. These points do not compare altogether

favorably with the point we have stated as true concerning

the graphic signs. The comparison is well shown by ap-

position.

Abnormal pulse delay.

Always present in pure, harmful
mitral regurgitation.

Always absent in harmless regurgi-

tation.

The amount of delay directly pro-

portional to the amount of regurgita-

tion.

Present in other conditions besides

mitral regurgitation, but these are or-

ganic and serious.

Apex systolic murmur.

Sometimes absent in very free re-

gurgitation.

Usually present and often very loud
in harmless regurgitation.

No certainty that the intensity of

the murmur is directly proportional to

the amount of the regurgitation, but
often it is inversely so.

Present in other conditions besides
mitral regurgitation, but these, if or-

ganic, are harmless.

Although the graphic sign has greatly the advantage in

the comparison, its value and utility are most manifest when
it is obtained and considered in connection with the auscul-

tatory. Alone it is not competent to declare the presence

of the lesion, but in association with systolic murmur at the

left apex it speaks with positive import. Neither sign sin-

gly is conclusive of the lesion, but the two combined could be

produced by no other. One locates the lesion, the other

determines the extent of its damage.

An important point is that the diagnosis as made by the

aid of the graphic sign is certain and immediate at any stage
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of the case, while the diagnosis as made by all other indica-

tions, exclusive of this, is not certain until confirmed by the

development of pathological sequences. When, as often

happens, other signs raise the question of the existence or

not of harmful regurgitation, the graphic comes in with its

prompt and positive decision.

R^suvt^ of Conclusions.

1. Abnormal retardation of the arterial pulse, notably the

carotid, on the systole of the ventricle is a real phenomenon
of mitral insufficiency.

2. It is present in all cases of pure, harmful mitral insuffi-

ciency, and is absent only in insignificant, harmless regurgi-

tation, or in regurgitation complicated with aortic insuifi-

ciency.

3. It measures by the amount of retardation the amount
of the regurgitation.

4. It may be present in two other conditions, probably a

third, all organic ; hence this sign, notwithstanding its posi-

tive value, is not of itself pa'thognomonic.

5. In conjunction with apex systolic murmur its presence

is conclusive of mitral insufficiency.

6. Compared with apex systolic murmur, this sign is more

positive and appreciative, and distinguishes, which the latter

does not, between harmful regurgitation and harmless

conditions.

7. By the aid of this sign a positive diagnosis may be

made at once in any stage of the case, and without waiting

for the development of sequences and symptoms.

Enormous Retardation of the Pulse from Mitral Insuffi-

ciency, Aortic Aneurism, and Heavy Aortic Valves.

Exaggerated delay of the pulse has already been demon-

strated respectively in mitral insufficiency, aortic obstruction

in the form of heavy aortic valves, and aortic aneurism.
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The case now to be presented gave an enormous delay of
the pulse, and the post-mortem revealed a combination of
the three pathological conditions just named.
The case was in the Cincinnati Hospital, and obligations

are due to the physicians in charge for the opportunity
to observe it.

Chris. H
, aged thirty-one years, presented a systolic

murmur, distinct over the front of the chest and heard in the
back. The murmur was accentuated both at the apex and
second left interspace. Second sound clear and loud.
Graphic records were taken September 6, 1879. Simul-
taneous tracings, with accompanying chronogram, were
obtained of the heart and left subclavian, of the heart and
right carotid, of the heart and right radial, and of the heart
and left radial. These are all shown in Figs. 113 and 114,
except the heart-carotid tracings.
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Patient died November i6, 1879, and here are notes of

the post-mortem, taken from the hospital case-book : Heart

weighed fifteen ounces, and was fatty. Just above the

aortic valves were two aneurismal pouches, one projecting

forward and to the right, the other forward and to the left.

The first of these, looking like dilatation of the sinus of

Valsalva, contained no clots ; the other was filled with lam-

inated fibrine. The latter was the size of a small apple,

and presented a distinct ring about half the diameter of the

pouch. It pushed its way in various directions, and pressed

upon the pulmonary artery in such manner as to occlude

this vessel entirely. Both dilatations had very thin walls.

The aortic valves were much thickened, but were competent

by the hydrostatic test. The mitral valve was filled with

nodular vegetations, and was incompetent. Right auricle

distended and filled with soft clot and fluid. Tricuspid and

pulmonary valves presented no disease. Pericardium thick-

ened, and contained twenty-one ounces of fluid. Aorta

atheromatous.

Recurring to the tracings, the cardiograms fairly show

the phases of the cardiac revolutions, and the beginning of

systole cannot be mistaken except in a very insignificant

sense. The line B in the figures must indicate very closely

this beginning. As to the end of systole, it is located near

midway of the main descending line. The first pulsation

after B No. 58^, Fig. 1 14, probably best shows the time-

relations of systole and diastole.

The author well appreciates that he has located the end

of systole at the highest point of the main descent, and still

believes that this localization will hold in most cases of

perfect traces of normal hearts ; but in such traces as we

are able to get of pathological hearts, often the line begins

to fall, in consequence of depletion of the ventricle, before

the end of systole is reached. The change then transpires

in the line of fall, and usually impresses there no definite

mark.

According, then, to the interpretation given the cardio-
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grams in this case, systole, as compared with diastole, is

excessively long.

Respecting the arterial traces, the form of both subclavians

is unique. (The carotid shows essentially the same form.)

The peculiarity is carried to some extent into the right

radial, but is lost in the left. This singularity of form will

not fail to arrest the reader's attention, and its explanation

will be sought farther on. A point worthy of notice is that

a just interpretation of these traces will show that the

cardiac systolic portion of the pulse is disproportionately

short.

But the great lesson of the case concerns the extraordinary

delay of the pulse on the systole of the ventricle. Very
careful measurements give, as shown (Nos. 58 and 59), -^-^-^

second as the delay of the right subclavian, and ^^'^ second

as the delay of the left radial. The enormity of this delay

is apparent when it is remembered that the normal delay of

the subclavian, with pulse at 80, would not exceed^ second.

It is believed that the retardation of the pulse in this case is

the greatest ever observed—certainly the greatest that has

been recorded ; and if the post-mortem had not furnished

the remarkable combination of lesions to explain the delay,

it would have been difficult to disarm the criticism that

the phenomenon was fallacious and existed only in an

error of observation. The three great causes of pulse-re-

tardation coexisted in the case, and the graphic method
was competent to demonstrate the amount of retardation so

produced.

The physical signs pointed to a cause of systolic murmur
located at the pulmonary artery, while the second centre of

accentuation of the systolic murmur at the apex indicated,

so far, mitral insufficiency ; but it was easy to conceive that

this murmur might be propagated from the base. As affec-

tion of the right side could only produce negative graphic

results as regards the pulsations of the heart and arteries,

the very positive graphic showings obtained demonstrated

the existence of grave disease located at the left side. What
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manner of disease affecting the left side of tiie heart could

produce the graphic phenomena presented ? As to the

strange pulse-form, this was an enigma. It was passed

without explanation. As to the pulse-delay, the organic

conditions producing this phenomenon having been previ-

ously ascertained, it was plain that the delay in question

must have arisen from one or more of these causes. The
limits of pulse-retardation under its causes in single or com-

bined action not having been determined, it was impossible

to know with certainly whether such an amount of delay

would require for its production all the pulse-retarding

lesions ; or whether two, or even one, might be sufficient.

The author's observations had shown that the delay is great

in mitral insufficiency, enormous in conjoined mitral insuffi-

ciency and heavy aortic valves, and distinctly notable in

aortic aneurism. From the graphic data, in connection with

the physical signs, the diagnosis was reached that the patient

was suffering certainly from mitral insufficiency, and proba-

bly from added aortic obstruction in the form of heavy

valves ; but only vaguely did the idea of associated aortic

aneurism occur. Illustrated now by this case, such ex-

treme delay of the pulse would be accepted as diagnostic

of the three important pathological conditions under con-

sideration.

The existence of aortic aneurism in association with the

other lesions afforded an explanation of the singular pulse-

form. The ventricles in their systole compressed the over-

lying aneurisms, causing the latter to discharge a portion of

their blood into the aorta proper, which initiated a consid-

erable wave. This wave, marked i, was transmitted so

much in advance of the true discharge-wave from the heart,

because escape of blood from the ventricle was delayed by

the existing cardiac lesions. The deviation in the upward

slope of this wave was probably made by the auricular

systole, possibly by default of synchronism between the two

ventricles. The ventricle in the latter part of its systole

threw quickly a comparatively small amount of blood into
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the aorta, which accounts for the blending of the second

with the early appearing aortic wave.

This description of pulse, it would seem, could only be

reproduced by a similar conjunction of conditions, and its

demonstration would constitute an important diagnostic sign

of these combined lesions.

Thus, step by step, as correct graphic phenomena are con-

nected with well-ascertained pathological conditions, will the

science of clinical sphygmography be built up.



CHAPTER IX.

CARDIO-SPHYGMOGRAPHIC HISTORY OF AORTIC OBSTRUC-

TIVE
,
LESIONS—THE SPHYGMOGRAPHIC INDICATIONS

IN ANEURISM.

MRS. T , aged sixty years, suffered for several years

from organic heart disease. She was thin and in-

capable of active exercise, but by going carefully, usually at-

tended to her ordinary household duties. Well-marked signs

of hypertrophy of left ventricle. Action of heart strong,

with jogging impulse and regular rhythm. Systolic mur-

mur, greatly emphasized at second right interspace, where

also slight undulation and thrill are perceived. The murmur
propagated upward along course of aorta, faint in other

directions ; at apex audible, but faint ; audible in back.

First sound well heard at apex, but supplanted at base by
murmur. Second spund distinct. N.o disastolic murmur.

Radial pulse to fingers firm, slow, and prolonged. The clin-

ical history admits of only one diagnosis: aortic obstruction

without aortic reflux, and coexisting hypertrophy of the left

ventricle. The tracings shown were obtained at one sitting,

July i6, 1878. The case, though evidently not one of extreme

obstruction, from its well-marked features is well suited for

sphygmograpbic study.

The cardiograms present an individuality of form which

at once arrests attention. The systole is sustained as if the

ventricle were laboring against an obstacle, and is slowly

changed into diastole as if its work were not completely fin-

ished. The most striking feature is the great prominence of

the auricular wave. One interpretation only can be given

rgS
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this phenomenon, viz., that it denotes hypertrophy of the

left auricle. The tracings alone reveal this important feature

of the case.

IS.
A
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ginning of the carotid pulsation is .0833 = one twelfth of a

second, and that between the heart and beginning of the

radial is .1666 = one sixth of a second ; which are correctly

normal. But it will be observed that the interval between

the heart and summit of the pulse is much greater than

normal.

The type of pulse-trace instanced is constant in material

aortic constriction, and the degree of deformation marks the

amount of iftipediment to the passage of the blood. The
type, however, may be simulated in the pulse below an

aneurism of other source of arterial obstruction located

beyond the aortic root.

The sphygmographic indications of ordinary aortic ob-

struction may be formulated thus : Heart's pulsation with

sustained systole ; arterial pulsation with sloping ascent and

rounded or flattened top ; interval between beginning of

cardiac sy.stole and beginning of arterial pulse normal.

A remarkable showing in this case remains to be consid-

ered. In Fig. 117, while the cardiogram conforms to the
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only registry of the kind obtained among several observa-

tions, the others agreeing closely with Fig. 115. There was
no fallacy. What is the explanation of this extraordinary

change and contrast ? It has been demonstrated that mitral

regurgitation causes abnormal delay of the pulse. It is not

difficult to conceive that under favoring conditions an tnter-

mittent reflux through the mitral valve may take place ; and
that in this instance, under the action of the hypertrophied

ventricle and the mean-time sufficiency of the mitral valve, the
ventriculo-arterial blood pressure is at intervals increased to

the point of preventing closure of the mitral segments, which
then permit of reflow until the blood pressure in front is re-

duced to the status at which the valve again becomes com-
petent. Under the conditions, the behavior of the mitral

valve would be analogous to the safety-valve-action claimed

for the tricuspid.

The alternative explanation applies a theory before ad-

vanced. It is that the changed aortic valves, although in

this case usually yielding with sufficient promptness, at

times become fixed, so to speak, and require additional

time and force to open them. However, it is far easier to

conceive of an intermittent patency of the mitral valve than

of an intermittent fixing of the aortic valves. The mitral

regurgitant theory also receives support from the existing

auricular hypertrophy ; for although this condition arises as

a more remote effect of aortic obstruction, it is the natural

and direct result of mitral reflex. Again, the peculiar and

striking change of form of the carotid pulse can be accounted

for better on the supposition of mitral insufficiency than on

that of aortic fixing. On the other hand, in favor of the

alternative theorj', is the positive evidence, aside from the

sphygmographic, of the, existence of aortic lesion, and the

negative evidence, save the sphygmographic, of the super-

vention of mitral reflux. It may be, however, that an apex

systolic murmur, had it been listened for, would have been

heard while the peculiar record was being made. On the

whole, it is best to accept the theory of intermittent mitral
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regurgitation in explanation of the recorded change in form

and time of the carotid pulse.

The following are the notes of the examination, January

20, 1881 : Action of heart vigorous, but less jogging than

formerly ; loud rasping basic murmur, systolic in time, with

marked accentuation at second right interspace, where are

88.
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taken simultaneously, in repetition, of the heart and carotid,

and of the heart and radial arteries, of which results are

shown in Fig. I18, Nos. 88 and 89, and Fig. 119.

The reader is asked to carefully compare the above traces

with the former ones.

The autopsy was conducted by Dr. A. B. Isham, assisted

by Dr. Lowry and the author. These are the notes : General

anasarca and ascites, pericardium filled with serum, heart

much enlarged, all its cavities and great veins distended

with blood ; left ventricle greatly hypertrophied, walls an
inch thick ; left auricle not enlarged ; right auricle dilated

and hypertrophied ; right ventricle dilated and hypertro-

phied ; aorta and pulmonary artery both dilated ; the mitral,

tricuspid, and pulmonary valves normal, except expanded
proportionate to the cardiac hypertrophy; aorta in some
degree atheromatous, yet presenting a smooth structure

above the valves ; aortic valves the seat of extraordinary

changes. Of normal extent, they carried on their upper

surfaces enormous masses of rough calcareous matter. Two
were united by their borders for nearly half their extent,

leaving a triangular space, and forming a rigid septum,

which contracted the arterial opening to about one third

the normal size. The third valve, though heavily loaded,

was pliable at its attached border, and performed the ofiSce

of opening and closing this contracted orifice. The calcare-

ous mass on this valve measured three eighths of an inch

through its thickest part ; the sinus behind was dilated so

that it had no room to play. Of the conjoined valves, the

calcareous mass over one filled up the space between it and

the aorta, and measured five eighths of an inch through its

middle; the mass over the other was disposed in chains

extending between it and the aorta. The under surfaces of

the valves were smooth, except opposite the attached bor-

ders, where calcareous tubercles presented.

This valvular disposition included a most remarkable

feature. The third, or functioning valve, would move on its

attachmeht, rising and falling en masse. Ordinarily, when
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down, it overlapped by a little the rigid border of the open-

ing ; but when pressed from above, it would sink below the

rim, and remain there as if locked, until pressed from below,

when it would rise with a spring.

In the light of the sequel and post-mortem developments,

the case can now be reviewed with peculiar interest and

profit. The second graphic examination gave results in con-

sonance with those of the first, although separated by an

interval of two and a half years ; so it was concluded that the

diagnosis first arrived at was still sustained. The only real

difference in the physical signs was the development of dias-

tolic murmur over the aortic site, but this did not indicate

the existence of aortic insufficiency to an extent worthy

the name. The tracings showed the beginning of the

arterial pulse in normal or delayed time, whereas had the

valves been patulous the pulse would have begun distinctly

earlier than normal. The autopsy proved this item of the

diagnosis correct. Undoubtedly the murmur was due to the

friction of the refluent blood against the rough deposits

during the time the clumsy valve was falling into position.

The form of the traces plainly indicated the presence of

aortic stenosis, but not in an extreme degree, for the pulse

was shown to be at times ample and tense. And this was

the exact state of the orifice as proved post-mortem. The
traces unmistakably indicated the presence of auricular hyper-

trophy, and this was confirmed post-mortem^ but as respects

the right auricle, instead of the left, as assumed. In this is

the impressive lesson, that hypertrophy of the right auricle,

as well as the left, may produce a high auricular wave. And
in view of the coexisting right ventricular hypertrophy, it may
be considered probable that the cardiac traces were produced

entirely by the right heart. This view is supported by the

strict conformity to the same type of the heart-traces, not-

withstanding the marked changes in the pulse-traces. It

may be remarked, however, that the ventricles always begin

to contract synchronously, so the beginning of the ascent, in

any event, marked the beginning of left ventricular systole.
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The traces indicated the intermittent operation of some
factor, which caused for the time a remarkable change in the

time and form of the pulse. This change is strikingly shown
in comparing Fig. 115 with Fig. 113, and has been fully de-

scribed in the first account. The conditions of the aortic

valves, found after death, afforded a full and complete ex-

planation of this remarkable sphygmographic phenomenon

;

and it is interesting to note that the alternative explanations

previously offered included the true one, and that the pro-

cess there pictured was exactly that which in reality was
taking place. The mechanism was this : Ordinarily the

heavy valve which guarded the constricted orifice duly rose

and fell, permitting the slowly rising pulse to begin within

normal time after the beginning of ventricular systole. But

at intervals, under vigorous strokes of the ventricle, and

large volumes of blood sent forth into the aorta, in connec-

tion, perhaps, with impediment in the capillaries, the arterial

blood pressure would become so enhanced that the valve

in diastole would be forced below the rim and so become
locked or fixed in position. The next systole would require

unusual time to raise the intra-ventricular blood pressure to

the point of dislodging the valve. When dislodged, how-

ever, the latter would rise with a spring, and would be car-

ried wide open by the accumulated pressure behind, and the

column of blood would enter with unusual quickness, to be

cut short, however, by the termination of systole. Thus the

pulse-trace would change in time from accustomed normal to

great abnormal delay, and in form from accustomed slow

ascent and rounded top to quick ascent and pointed top.

After a few beats the usual rigime would be restored, the

change being brought about by the reduction of arterial pres-

sure following the comparatively small volumes of blood

sent into the artery at each systole.

In conclusion, the case well illustrates the rich and posi-

tive aids to cardiac diagnosis afforded by the graphic method.

By this method alone could the amount of aortic stenosis

have been so nearly approximated. By this method alone
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could the rare and peculiar form of aortic valvular obstruc-

tion have been in any sense made known. By this method
alone could have been settled the question, raised by the

presence of aortic diastolic murmur, as to competency or

patency of the aortic valves. And by this method alone could

have been determined the auricular hypertrophy, albeit it

failed to distinguish the affected auricle. Besides the method

joined the other signs in the determination of left ventricular

hypertrophy, and gave a permanent record of the variations

of the pulse in amplitude, celerity tension, and rhythm.

Sphygmographic Indications in Aneurism.

On the authority of a few distinguished names, sup-

ported, however, by a comparatively small number of

experimental observations, it is currently taught that the

pulsations below an aneurism afford two important indications

of its presence : first, a characteristic form of pulse—a typ-

ical deformation ; second, an abnormal delay of the pulse.

If these changes exist, the former can be demonstrated with

the simple sphygmograph, and the latter with a very perfect

differential sphygmograph ; and if the question be thus

simple and settled, as stated, we have indeed arrived,

through the graphic method, at a wonderful and gratifying

precision in the diagnosis of aneurism.

As regards deformation of the pulse below an aneurism,

Marey * remarks :
" When an aneurism exists on the tract of

an artery, one observes below the tumor an important

modification of the pulse ; the quickness gives place to an

extreme slowness, and often the touch is incapable of feeling

this pulsation, because of the slowness with which the finger

is raised," and represents the pulse below an aneurism by a

tracing with slanting up-stroke, round top, and gradual

descent without mark of secondary waves.

Dr. Mahomed + gives sphygmographic tracings of several

cases of aneurism in which this imperfection is well shown.

* La Mithode Graphique, p. 582.

t Medical Times and Gazette, vol. ii., p. 141, 1873.
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Of three cases of innominate aneurism verified post-mortem,

one shows marked distortion of the right radial as compared
with the left, while two present the right radial correct in

form and uniform with the left. From his cases Dr. Ma-
homed infers that in pure innominate aneurism the right ra-

dial pulse presents the " aneurismal trace," while in aneurism

of the innominate continuous with dilatation of the aorta,

the right radial is little, if any, modified, and right and left

correspond.

As regards delay of the pulse below an aneurism, Frangois

Franck * has contributed important observations. By means

of an apparatus devised by himself he showed, in a case of

innominate aneurism, that the right radial pulse was delayed

on the heart -^^, and the left radial yYj- second ; and in

another case the right and left radial pulses were delayed on

the pulsation of the tumor, respectively,
-f-^-^

and -^-^-^ second.

Thus Frangois Franck esteems delay of the pulse below an

aneurism as constant and of the highest diagnostic value.

Case I. Aneurism of the Innominate.—For the oppor-

tunity of observing this case, indebtedness is acknowledged

to Dr. Jos. Ransohoff, who also kindly furnished the notes

of the post-mortem. Frank M -, aged forty-eight years,

presents a prominent tumor at the site of the right sterno-

clavicular articulation, which manifests pulsation, thrill, and

a systolic murmur. Second sound of the heart clear and

greatly intensified. Respiration much embarrassed by pres-

sure of the tumor against the trachea. The graphic records

were taken January i, 1879. -^ ^^'^ ^^Y^ subsequently the

man died, and the autopsy revealed a large globular aneurism

of the innominate artery, about three inches in diameter.

The cavity contained fibrinous coagula, which encroached

upon and obstructed the carotid orifice, but left the sub-

clavian orifice free. The aneurism communicated with the

aorta through an opening, only somewhat larger than the

normal innominate lumen. The walls of the aneurism were

* London Medical Record, March 15, 1878; Amer. Jour. Med. Sci., July,

1878, p. 258 ; La Mithode Grafhiqtu, p. 586.



208 SPHYGMOGRAPIIY.

thick and firm, and only showed some degree of tfeinning

and yielding at the apex of the external tumor. The aorta

was much dilated from its origin through the entire arch
;

aortic walls firm. The aortic valves were expanded and

thickened, yet competent.
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In No. 6i, Fig. 120, owing to the more superficial position

of the right subclavian, its pulse-trace is more ample than

that of the left ; the pulsations are shown to be synchronous.

In No. 62 the right carotid pulse compared with the left is

greatly reduced and deformed, yet there is between the pulses

no appreciable asynchronism.

6 3.
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either in ^orm or time, affording any evidence whatever of

the presence of such aneurism ; witness the correctness and

perfect equality in form and time of the two radials.

2. That the effect of such aneurism on the /orm of the

pulse beyond, may be positive and marked ; witness the

great inequality in form of the two carotids.

3. That the effect of such aneurism on the time of the

pulse may be negative as to delay ; witness the time between

the heart and tumor, between the heart and radials, and the

perfect equality in the time registry of the two radials, the

two subclavians, and the two carotids.

In this case, also, the demonstration is complete, that the

pulse-form was correct in the right radial, because of the

free passage to the subclavian, and imperfect in the right

carotid because of the obstructed passage to this artery.

Hence the question arises whether the peculiar pulse-de-

formation, observed below some aneurisms, does not always

depend upon arterial obstruction from filling of the lumen,

or pressure of the tumor, or both. The question is one of

importance.

The two following cases will aid our investigation. They
were in the Cincinnati Hospital, and kindly placed at dis-

posal for sphygmographic study. The notes were derived

from the records and personal observation.

Case II. Aneurism of the Ascending Aorta.—J. Bradford,

aged 31 years; suffers from dyspnoea. Presents a promi-

nent pulsaiting tumor a little to the left of the median line,

and two and a half inches above the nipple. The tumor

manifests thrill to the touch and murmur to the ear ; the

latter synchronous with the first sound of the heart, and

heard over a considerable area. Tracings taken in August,

1877. Patient afterwards found his way into St. Mary's

Hospital, where he died. The autopsy revealed a large

aneurismal tumor, involving the ascending aorta from near

the innominate downwards to near the origin, and extend-

ing from the upper border of the second to near the fourth-

rib ; sternum eroded. On section, the walls for the most
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part were reinforced by thick layers of fibrine ; although a

number of accessory sacs presented with thin walls, one of

which had ruptured into the right pleural cavity and proved

the immediate cause of death. The left ventricle was some-

what enlarged and turned posteriorly.

Inscriptions of the heart's apex could not be obtained on

account of its recedence from the chest-wall, therefore ob-

servations were limited to the tumor and arteries.

.B. ANEURISM OF THE ASCENDING AORTA

Fig. 122.

No. 66, Fig. 122, shows simultaneous tracings of the tumor

and right carotid ; No. 6/ shows the same of the tumor and left

radial. The pulse acceleration, (108-1 1 3,) the dicrotism, and

low pressure will be noticed ; also the characteristics of the

tumor traces. The deviation in the lower part of the up-

stroke, sufificiently indicated in the tumor and carotid traces,

but less distinct in the radial, probably marks in this case, as

in the first, the beginning of the true pulse-wave, sent from

the heart. The preceding lowest point, however, is more

definite, and representing, as it unquestionably does, the

same stage of the respective pulsations, is more certain and

available for measurement. The interval between the pul-

sations in the tumor and carotid, measures, as shown, ^^if of a

second ; and that between the tumor and radial, -^^ of a sec-

ond. If no cause of delay existed, the pulse-wave would

pass over the distance represented by the tumor and car-
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otid in -gig- of a second at the longest, and over the distance

represented by the tumor and radial in ^ of a second

at the longest. The reason of the apparent greater delay

of the carotid pulse compared with the radial is that the

retardation takes place in the aneurism, and the pulse-wave

reaching the free artery beyond, travels on with its accus-

tomed velocity. In form, both the carotid and radial present

the usual features of accelerated, moderately ample, and low-

tension pulses.

Case III. Aneurism of the Ascending Aorta.—Thos. Con-

ley, aged thirty years, has suffered between two and three

years from trouble within the chest. Front of chest, es-

pecially to left of sternum, bulging, and flat on percussion.

Pulsation seen and feebly felt over an unusual area, more dis-

tinct than elsewhere in the fourth right interspace near the

sternum. Absence of thrill, usually no murmur, although a

systolic one has at times been detected. Patient very feeble

;

radial pulse small and frequent ; suffers greatly from pain,

dyspnoea, and cough. Died suddenly the last of February,

1879. The post-mortem disclosed an extensive aneurism of

the ascending aorta, which had ruptured and discharged into

the right pleural cavity. The aneurism commenced very

near the aortic orifice, which latter was considerably dilated

and involved the ascending portion of the vessel, which was

expanded into a large flabby sac.

THOS.C. ANEURISM
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Observations were made January 31st. Fig. 123, Nos. 68,

69, and 70 are reproductions of the graphic records. The
pulsations of the aneurism were taken at the fourth right in-

terspace, but they were too feeble to produce good traces.

However, the basal points are fairly discernible. The heart's

pulsations could not be traced.

In the measurements, wherever there might be uncertainty

as to the position of the basal points, those were selected

which would afford the shortest interval ; so if any error of

representation exist, it is in making the time-differences

shorter than the true ones. As shown, the tumor-carotid and

tumor-radial intervals, respectively, are closely the same as

in the preceding case. The tumor-femoral interval also

shows prolongation, and that it is in proper relationship to

the tumor-radial interval. The pulse frequency is 127-130,

and the pulse-form reflects only a very common type.

Respecting the form of the pulse, these two .latter cases

support the first in opposing the idea that aneurisms, inde-

pendent of arterial obstruction, impress upon the pulse

beyond a peculiar deformation ; the pulse-forms in these

cases being only such as often present in other conditions.

It seems reasonable, however, that there should be a descrip-

tion of aneurism with free arterial ingress and egress, which

would cause the pulse-form of the affected distal artery to

differ from that of the opposite unaffected artery, and yet not

to the extent of a typical deformation.

In point of delay, these cases accord with Francois

Franck's ; and delay of the pulse, as an effect of certain

aneurisms, may be accepted as a demonstrated fact. Can we
differentiate the aneurisms which produce pulse-delay from

those which do not ? Case I., in which there was no delay,

presented an aneurism of large size, free arterial passages,

and resisting walls ; while Cases II. and III., in which there

was delay, presented aneurisms of large size, free arterial

passages, and yielding walls. The conclusion would follow

that the opposite conditions of the aneurismal walls pro-

duced the difference observed in the time of the pulses.
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Observations are needed to determine whether a sacculated

aneurism, communicating with the artery by a small opening,

would cause delay of the distal pulse. It is conceivable that

it would not. From what we have learned of the effect of

large aneurisms on pulse-transmission, we are prepared to

believe that small ones would cause no appreciable delay.

The author's observations indicate that the pulse-retarda-

tion in aneurism is much less than that in valvular disease of

the heart, "and greater than that of any general condition of

the vessels and circulation.

Are there any other conditions than aneurism affecting

an artery that may produce retardation of its pulse-wave ?

Two are suspected—namely, arterial obstruction, and the

C.H.J.
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simultaneously to prove them synchronous ; and after com-
pressing one brachial so as to leave the pulse just percepti-

ble, tracing the radials again, and noting the time-relation-

ship of the two pulses. These observations many times

repeated showed the pulse of the obstructed artery notably

behind the other in point of time. Fig. 124, Nos. 71 and 72
give a fair representation of the results obtained.

The delay of the obstructed pulse compared with the

other is about one thirtieth Qjj) of a second, which would
about double the usual delay of the radial on the brachial

pulse. This demonstration, however, is conclusive only as

to the effect of temporary obstruction, and the query re-

mains whether in permanent obstruction in which the artery

would be contracted and adapted to the blood-stream, such

retardation would occur. Data are wanting for the settle-

ment of this point.

In one of Francois Franck's cases of innominate aneurism,

the sphygmographic tracings show the right radial pulse

fuller and better developed than the left, and the tempera-

ture was elevated i" F. on the right side. These phenom-
ena were attributed to vaso-motor paralysis, produced by
pressure of the tumor on the first thoracic ganglion of the

sympathetic. The influence of vaso-motor paralysis on

pulse-wave velocity is an interesting question which presents

for investigation.

The view has been advanced that the peripheral vascular

dilatation and consequent easy flow of blood in the extrem-

ity, due to the vaso-motor paralysis, tend to accelerate the

pulse-wave velocity. The view is entirely unsupported, and

the specious prima facie is disposed of by the consideration

that the pulse-wave is distinct from the blood-stream, and

that the velocity of the pulse-wave is so much greater than

the velocity of the blood-current, that even if variations of

the latter exerted their quantum of influence on the former,

the effect would be inappreciable.

The opposite view—namely, that the pulse-wave is retarded

imder the conditions of vaso-motor paralysis, is supported
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by all the facts brought to light which have any bearing on
the question. First, there is the accepted law in physics, that

wave-impulses, communicated to a liquid flowing through

a tube, are transmitted with a velocity proportioned directly

to the rigidity of the tube. Under paralysis of the muscular

coat, the artery becomes lax and yielding, and in obedience

to the law just stated, would transmit the pulse-wave with

diminished speed. Second, the arteries become more rigid

with advances of age, and ample observation proves the rule

that the velocity of the pulse-wave increases with age.

Third, in low-toned arteries, evinced by low-pressure, high-

sweep, and dicrotic pulse-traces, it has been observed that

the pulse-wave travels slower than in high-toned arteries,

evinced by high-pressure, low-sweep, and non-dicrotic pulse-

traces ; and, especially, in the marked arterial relaxation of

adynamic conditions, the pulse-wave velocity has been found

reduced. Moreover, as bearing directly upon the question

at issue, the following case and experimental results are

presented.

Ernest B , aged thirty-four years, fell from a building,

striking heavily the back of his neck and head against the

ground. He retained his consciousness and power of speech,

but suffered paralysis of voluntary motion and sensation of

all parts below the neck. The next day imperfect motion,

without co-ordination, and imperfect sensation returned to

the upper extremities ; this apparent improvement, however,

was soon lost, and the case again presented the spectacle of

complete paralysis of the entire body below the neck. The
respiration was labored ; heart's action apparently normal

;

pulse 60 to 80, full and regular ; temperature ranging from

102° to 105" F. When the temperature marked 105" the

pulse was full and not above 80. The man died on the fifth

day after the receipt of the injury. The day before his

death, by the kindness of Dr. A. B. Isham, whose patient he

was, and from whom were received the above notes, the

opoortunity was given to make sphygmographic observa-



VASO-MOTOR PARALYSIS. 217

tions in the case. The respiration was then very labored,

temperature I02|°, pulse averaging 62, full and regular, as

shown in the tracings. (Fig. 125, Nos. 73, 74, and 75.)

The tracings, especially the left carotid, are thrown out of

horizontal line by the action of the respiration ; they are

also somewhat defective from extraneous causes
;
yet the

basal points are correctly traced and the successions are

truly measured and expressed.

E. B.
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.125 second ; the sum of which intervals gives .23 second as

the time-difference of the pulse-wave between the carotid

and dorsalis pedis. This is as slow a transmission of the

pulse-wave as has been observed in unobstructed and non-

aneurismal arteries of adults. The young man L., whose

pulse-wave velocity was exceptionally slow, gave .0909 second

for the carotid-femoral, and .0714 second for the femoral-

posterior-tibial, (see Fig. 126, Nos. 18 and 19, here repro-

duced), the sum being .1623 for the carotid-posterior-tibial

interval. So the retardation of the dorsalis-pedis pulse on

the carotid in the paralytic case was about one third longer

than that of the posterior-tibial pulse on the carotid in the

case of L. These facts and considerations would seem to

leave little room to doubt that the pulse-wave is retarded

in its passage through an artery whose muscular coat is

paralyzed.

From this study of the sphygmographic indications in

aneurism, the following estimate of their diagnostic value

seems fairly justified

:

1. Deformation of the pulse beyond a suspected aneu-

rism is of little, if any, value as indicating the presence of

aneurism, but indicates rather the presence of arterial ob-

struction, which may originate from other conditions as

well as from aneurism. Absence of such deformation is no

evidence of absence of aneurism.

2. Delay of the pulse beyond a suspected aneurism is

strong evidence of the presence of aneurism ; and when
arterial obstruction and vaso-motor paralysis can be elimi-

nated, the sign is conclusive of aneurism. Absence of such

delay is of no value as indicating the absence of aneurism.

3. In aneurism already diagnosed, deformation of the dis-

tal pulse indicates the presence of concomitant arterial ob-

struction.

4. In aneurism already diagnosed delay of the free distal

pulse indicates one. with free communications, large cavity,

and yielding walls ; while absence of pulse-delay indicates

one with narrow orifice, or small cavity, or resisting walls.



CHAPTER X.

THE CARDIO-SPHYGMOGRAPHY OF TRICUSPID LESIONS

—

NEW INTERPRETATION OF FLINT'S MITRAL DIRECT
OR PRESYSTOLIC MURMUR WITHOUT MITRAL LESIONS.

OBVIOUSLY the indications by the graphic method
of lesions affecting the right auriculo-ventricular

valve must be largely, if not wholly, negative, nevertheless

their importance is sufficiently manifest. The value of

negative evidence in diagnosis is well understood. Simul-

taneous cardio-arterial traces in left-side valvular disease

give positive indications. Marked aortic stenosis, heavy

aortic valves, mitral regurgitation, and aortic regurgitation,

cannot exist without distinctive phenomena, which express

themselves through cardio-sphygmography as diagnostic

signs of the respective conditions. In right-side valvular

disease such graphic signs are not obtained. Hence, when
the question arises as to which side of the heart is the seat

of the valvular trouble, the graphic records come in to

decide.

Especially it is known how difficult it is by ordinary

methods of examination to distinguish between mitral and

tricuspid regurgitation. Indeed it is doubtful whether tri-

cuspid regurgitant lesion has ever been positively recognized

during life. Cardiac murmur, so much relied upon in the

diagnosis of mitral lesion, is of little aid in the diagnosis of

tricuspid lesion ; nor are there any physical signs or general

symptoms by which the latter can with any degree of cer-

tainty be differentiated from the former. The two following

cases are in evidence and illustration of the important diag-

2ig
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nostic aids cardio-sphygmography may afford toward the

recognition of tricuspid lesion.

Case I.—Mrs. Smith, aged fifty-nine years, came first

urfder care in March, 1880. She was suffering from dyspnoea,

cough, and general dropsy, which were found to be depend-

ent upon organic cardiac disease. There were evidences of

considerable enlargement of the heart, and a loud systolic

murmur was audible over the cardiac region, plainly empha-

sized at the left apex, well heard to the left and in the back.

The second sound of the heart was clear, and accentuated at

the pulmonic site. Heart's action at times irregular; pulse

somewhat accelerated, suiificiently ample ; no albumen in

urine. She continued under observation without material

change of the physical signs, and died from failure of the

circulation. May 8, 1 881.

Simultaneous cardio-sphygmograms were obtained May
24, 1880, and February 12, 1881, of which Fig. 127, Nos. 91

and 92, are examples.

91.
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was generally enlarged. Right cavities and great veins dis-

tended with blood, and the former contained firm fibrinous

clots. Walls of right ventricle and right auricle greatly hy-

pertrophied—dilated and thickened,—the former measuring
one half inch in thickness. Venae cavae dilated

;
pulmonary

valve normal ; tricuspid orifice much dilated and valve in-

competent, one of the segments bound down to the sides of

the ventricle ; the condition of the valve was such as must
have permitted free regurgitation during life. Walls of

left ventricle thickened to about three quarters of an inch,

cavity not dilated ; left auricular walls of normal thickness,

and cavity of normal dimensions ; mitral valve slightly

thickened, but pliable and competent ; aortic valves com-

petent ; texture of heart fatty and friable.

The ordinary signs and symptoms in this case pointed

very definitely to mitral regurgitation as the predominant

trouble. Especially the auscultatory phenomena declared

this diagnosis, nor was any thing developed by the usual

methods of examination to cast a doubt upon the correct-

ness of this view. It was a case in which the physician,

however skilful in cardiac diagnosis, confined to ordinary

methods, would inevitably commit the error of assigning the

regurgitation to the mitral orifice.

We will now examine the graphic records and see what

light they might have shed upon the case. Allowing for the

effects of the respiration and the irregularity shown in the

middle of No. 91, Fig. 127, the only positive peculiarity of

the cardiac trace is the high auricular wave. The carotid

trace is free and ample in No. 91 ; shows feeble-

ness in No. 92. The cardio-carotid interval measures ^
second in No. 91, and y^j- second in No. 92, with pulse-rate

in both 85 to 90 per minute. These intervals are strictly

normal.

If free mitral regurgitation had existed, the cardio-carotid

interval would have been abnormally long; it would have

measiired somewhere between an eighth and a quarter of a

second. This important fact, independently established, still
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awaits the case to prove that the lesion may exist without the

sign. In the present case the author thought he had found

the exception to the rule, and stated to Dr. Isham that the

sign had failed him, or the case was one of tricuspid instead

of mitral regurgitation. He did not feel justified in arraying

this simple negative sign against what appeared positive in-

dications of mitral incompetency ; and so was almost ready

to concede in this instance default of the graphic indi-

cation, when the autopsy verified the integrity of the mitral

and insufficiency of the tricuspid valve, attesting again

the significance and trustworthiness of the graphic testi-

mony.

Fig. 128.

Case II.—John W., aged forty-eight years, a patient in the

Cincinnati Hospital, suffering from heart disease, and whom
the author was given the opportunity to observe by the

kindness of the attending physicians. He was troubled

with cough and dyspnoea, and had a double murmur at

the base—the diastolic predominating—and a systolic mur-

mur at the apex. Apex displaced downward and outward.

Simultaneous traces, Fig. 128,* of the heart and carotid and

* Of the cardiac and carotid traces the former is excellent, while the latter is

somewhat undeveloped in consequence of thickness of the tissues overlying the

artery. Of the cardiac and radial traces the latter is excellent, while the former

is undeveloped by a faulty application of the base. It is to be regretted that
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of the heart and radial were taken February 12, 1881. The
man died, and a post-mortem was made April 19, 1881. From
the hospital notes and personal inspection of the specimen
was gathered the following history : Marked dilatation of

both ventricles and hypertrophy of ventricular walls. Right
auricle dilated, and walls thickened. Tricuspid orifice con-

tracted so as to admit only the tip of the little finger ; valve

thickened, and manifestly insufficient, as well as directly ob-

structive, during life. Pulmonary valves normal. Mitral

valve normal. Aortic valves slightly thickened, and one
contained a small calcareous plate

;
yet they preserved their

normal form, and were evidently competent during life.

Aorta dilated from near its origin to its bifurcation into

the iliacs ; especially the transverse and descending arch

was dilated into a cylindrical pouch of considerable size
;

aortic walls thickened, rigid, and pervaded with calcareous

plates varying from a quarter of an inch to an inch in

diameter.

In this case no definite diagnosis had been arrived at

;

especially the tricuspid lesion had not suggested itself. The
double murmur at the base was thought to indicate aortic

obstructive and regurgitant lesion ; and the systolic apex

murmur, mitral regurgitation. A correct appreciation of

the graphic showings would have demonstrated the absence

of grave left-side valvular lesions. If aortic stenosis had been

present, the pulse-trace would have been characteristically

deformed, and not free and shapely, as shown, notably in the

radial. If there had been obstruction at the aortic valves, or

regurgitation at the mitral valves, one or both, the succes-

sion of the arterial pulses on the heart would have signalled

abnormal delay instead of the intervals shown. If free aortic

insufficiency had existed, the carotid and radial pulses, besides

presenting the characteristic form of this lesion, would have

appeared much sooner after the systole of the ventricle than

the last imperfection had not been corrected by a repetition of the experiment.

However, the traces all show distinctly, and in proper position, the basal points,

and so permit of correct determinations of the time-differences.
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the time indicated. And further, if pure mitral * contrac-

tion had existed to produce such distress, ventricular systole

would not have shown such development, nor the arterial

pulse such fulness and amplitude.

Then, as the evidences of grave valvular disease were un-

mistakable, and the graphic records proved the integrity of

the aortic and mitral, the localization was driven to the right-

side valves, and attention to the signs of the graphic method

would have secured a diagnosis which could not have been

arrived at by other means.

The traces sufficiently indicate hypertrophy of the left

ventricle, but they demonstrate also the presence of auricu-

lar hypertrophy. The latter information is furnished only

by the graphic method ; when either auricle is hypertrophied,

there will be in the cardiac trace a correspondingly high

auricular wave.

Finally, we find in the traces evidences bearing upon the

arterial rigidity. The cardio-carotid interval being J^- sec-

ond, and the cardio-radial y^ second, would give only ^-^ sec-

ond for the carotid-radial interval. This is less than half the

average normal time-difference between these points in

healthy adults, and as arterial rigidity is known to be the

greatest of all factors increasing pulse-wave velocity, such un-

usual speed as is here signalled indicated that the arteries of

the upper extremity partook of the rigidity so strikingly dis-

played in the aorta ; and this rigidity extending in the innom-

inate and carotid was the undoubted cause of the unduly short

cardio-carotid interval. It is probable the pulse-wave velocity

will come to be accepted as a test and gauge of the quality

of the arterial walls as to their degree of rigidity or pliancy.

The diagnostic signs furnished by cardio-sphygmography go

hand-in-hand with the evidences of auscultation and percus-

sion, correcting, extending, and completing thelatter, and give

to cardiac diagnosis unparalleled precision and perfection.

* Opportunity for tracing mitral contraction has not offered, but experiments

on the schema indicate that the pulse is abnormally delayed, also, in this

condition.
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New Interpretation of Flint's Mitral Direct or Presystolic

Murmur without Mitral Lesions*

Flint describes an interesting auscultatory phenomenon,
namely, the occurrence of a cardiac murmur preceding and
running into the first sound without mitral lesions, but al-

ways in association with considerable aortic insufficiency.

He speaks of the murmur as blubbering in quality, best heard

within the apex, and characterizes it as a presystolic or mitral

direct murmur.

Although this murmur, it appears, has been recognized

and pointed out alone by Flint, the correctness of the ob-

servation is not to be questioned. Discussion, however, is

allowable regarding its interpretation and mechanism of

production.

As just stated, our distinguished master refers the murmur
to the mitral orifice, and terms it presystolic. The following

is his explanation :
" The left ventricle is filled with blood

from the current passing from the auricle to the ventricle

through an unobstructed orifice by gravitation, and, in addi-

tion, the regurgitant current from the aorta. As a conse-

quence the mitral curtains are floated away from the ven-

tricular walls and are not only approximated but in actual

contact. These conditions existing, the auricle contracts

and forces an additional quantity of blood into the ventri-

cle. The mitral direct current passes between the valvular

curtains, which are in apposition, and throws them into vi-

bration." Is the explanation sufficient ? It would seem the

segments would not arrange themselves in apposition, be-

cause to do so would require a superior pressure on the ven-

tricular side and the creation of a retrograde current towards

the auricle. The fact is that during ventricular diastole the

current is towards the ventricle, or possibly at a stand-still in

the last moment before the occurrence of auricular systole.

It is not conceivable that a retrograde current in the mean-

time could be established to close the segments, and from

* American Journal of the Medical Sciences, IxHy, 1862. The same, April,

i88z. The Zi»»</<7« Za««A American edition, April, 1883.
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the first moment of auricular contraction the direct current

would keep them well open. The experiment of injecting

water through the mitral orifice into the ventricle, and prov-

ing that the valve becomes closed, succeeds only because a

brisk retrograde current carries the curtains into apposition.

The conditions are not analogous to those of the living

mechanism.

But even if we could conceive of the valve as closed in the

manner assumed, the conditions would not yet be present

for the production of a presystolic murmur. The curtains

would be limp and passive and swayed noiselessly apart as

the blood under the auricular systole passed between them
into the ventricle. They would lack the; requisite tension or

stamina to permit of their being thrown into sonorous vibra-

tions by the action of the passing current.

For these reasons the theory offered by Flint does not ap-

pear to us adequate to explain the phenomenon of a cardiac

murmur before the first sound in aortic insufficiency without

lesion of the mitral valve.

We will now proceed to give what we conceive to be the

true explanation.

In normal cardiac action the first sound of the heart is

heard a notable time after the beginning of ventricular sys-

tole. This is readily demonstrated by employing a cardio-

graph and stethoscope at the same time and giving attention

to the play of the lever and sounds of the heart. It will be

observed that the lever has nearly or quite completed its

ascent when the first sound impresses the ear. The time of

this ascent marks the interval between the beginning of ven-

tricular systole and event of the first sound. The interval is

measurable and maybe stated roundly at about one fifteenth

(tV) °^ ^ second, which is long enough for a practised ear to

appreciate.

Now, when the valves are perfect, the blood begins to

escape from the ventricle through the aortic orifice about the

time of culmination of the first sound, and a murmur gener-

ated at the aortic orifice would be heard with and following
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the first sound. This murmur would be counted, and truly,

systolic. But when the aortic valves are permanently open,

the blood would begin to flow through them immediately
upon the beginning of ventricular contraction ; the conse-

quence would be the generation of a murmur which would
begin before and run into the first sound. This murmur,
though also in reality strictly systolic, would strike the ear

as occurring before the beginning of systole, because ante-

dating the first sound of the heart.

Ventricular systole is an event which measures on an

average .326 of a second, while the first sound of the heart,

as appreciated by the ear, is of momentary duration. The
first sound divides systole into a short anterior and longer

posterior portion. The distinction here stated is not found

in any of our classical works on the heart ; nor have any of

our distinguished auscultators, so far as known, recognized a

.chronometric difference between the beginning of systole and

the first sound of the heart. Without this recognition a sys-

tolic murmur beginning before the first sound would of

necessity be referred to the mitral orifice and distinguished

as a mitral direct murmur. With this recognition oppor-

tunity is given for the localization of such murmur at the

aortic orifice, and distinguishing it as an aortic direct murmur.

That the blood begins to flow through the aortic orifice in

aortic insufficiency immediately upon the beginning of ven-

tricular contraction, instead of after a notable interval, as

when the valves are intact, has been distinctly demonstrated

by the simultaneous graphic method. It has been deter-

mined that while in normal conditions the carotid pulse fol-

lows the systole of the ventricle at an interval of one twelfth

second, in aortic irisufficiency the interval may not be more

than one thirty-second second.

If scope permitted we could produce here simultaneous

traces, from both man and the schema, in demonstration of

this interval when the aortic valves are competent, and of its

obliteration when they are open.

Under the cardiac conditions named all is favorable for
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the development and definition of systolic aortic murmur in

antecedence of the first sound. The enlarged ventricle and

hypertrophied walls would suddenly start a volume of blood

through the altered orifice, engendering vibrations, while

the closure of the expanded mitral valve would give smart-

ness to the first sound, and so materially aid the differentia-

tion of the latter from the murmur already, in progress.

Evidently the " blubbering " quality attributed to this

murmur could be produced at the aortic as well as at

the mitral orifice ; and it is not unusual for an aortic murmur
to be well heard at or within the apex. In the cases cited

by Flint, in the first, " at the apex was a presystolic blubber-

ing murmur. At the base of the heart was an aortic regur-

gitant murmur, which was diffused over nearly the whole

praecordia." In the second case were found " an aortic direct

and an aortic regurgitant murmur, both murmurs being

well marked. There was also a distinct presystolic murmur
within the apex, having the blubbering character." In a

third case, recently reported, were four murmurs referable to

the left side of the heart without mitral lesions. " The
patient in this case had undoubtedly both a mitral systolic

and a mitral presystolic murmur." In such a medley of

sounds we appeal if it would be possible even for our author

to decide that the murmur in question proceeded from the

mitral orifice, independent of the preconception, that a

murmur prior to the first sound is presystolic and necessarily

mitral direct.

Other authorities, while accepting the soft presystolic

murmur as signalling when present mitral obstructive lesion,

do not admit the existence of a rough presystolic murmur
under any conditions. The murmur under consideration

they time as systolic. Flint likewise formerly considered it

systolic. This goes to show how close must be this murmur
to the first cardiac sound,—so close, indeed, that the superior

and long-cultivated ear of Flint was required to first signal

the distinction. A true presystolic or auricular systolic

murmur precedes the first sound sufficiently long to be
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recognized as such without difficulty. It is true that it

is more liable to be counted diastolic than systolic.

And yet, now that the distinction has been pointed out,

we conceive it would not be difficult for the trained and
attentive ear to appreciate this initial systolic murmur
as precedent to the first sound. The contrast in the note of

the murmur and note of the sound would help the discrim-

ination. And we know that reduplication of the cardiac

sounds is well perceived, although here two similar notes

must be as near, at least, as the dissimilar notes of the mur-

mur and sound under consideration.

Then accepting the fact as set forth, that a cardiac mur-

mur preceding the first sound may be audible in certain

cases with healthy mitral but insufficient aortic valves, our

explanation of the phenomenon is, that the murmur is

systolic and produced at the aortic orifice, and begins before

the culmination of the first sound, because the blood is

already flowing thrqugh the altered valves, throwing them

into vibration, when the heart-note is heard.

The discovery and appreciation of the phenomenon by our

illustrious author was a very natural result in view of his

large clinical experience, and exquisite auscultatory powers,

and the extreme care with which he investigates his cases.

His interpretation was framed on the basis of the idea that

the murmur was essentially mitral direct, and without refer-

ence to the positive results bearing upon the mechanism

furnished by the graphic method. These results are too

definite and significant to be neglected or ignored ; and if

we have succeeded in arriving at the true interpretation, it is

because we have studied the question in the light of the re-

sults of cardio-sphygmography.

As a term is needed to designate this murmur, let it

be named the Murmur of Flint.
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